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APPENDIX A

PROCESS DATA LOG SHEETS FROM NILES BOILER NO. 2
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TABLE 5-26. PROCESS I)_ATA LOG NO. 1: POWER PLANT CONTROL ROOM
. BOILER PROCESS DATA
{Record data hourly)

_Dw 072693

_| Initials of | Load, Furhace | Steam temp., F DAm Thti |
person MW Outlet el @A e8| Steam | Steam
Recording Oxygen, | sH RH Pres, | Flow,

Qutlet Qutlet

(02D | 975
U7 )42 000 | 9% 538 /
7 123/ 797 | 991 535 |581.75
17 1156 oo | 751 ljsrd lgR.85]
7 145 \weo | 579 1537 167337 |
06 VL2 o) | 977 5T 167356
Mo )\ 1.1& (/000 777 V335 \§75.47
17 V23 lyeor | per 1535 (57706

17 |22 |\weo | 952 /535 |877.27
17 ). 54 |1000 98s )5371{3880.27

ny | )28 (/000 | 987 1537 |$727.7%
1| /.39 1990 | T4 |153¢ | 876.73
19 11251 999 | 939 |/s3e | BBL2S
n7 |y fre0 | a84  |;s351%18.13
119 {33 | 100 | 8% 152321 87613

r— L — R

Project Engineer Review _a@g / V;/?.?

Initials/Date
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TABLE 5-27. PROCESS DATA LOG NO’ 2: POWER PLANT CONTROL ROOM

EMISSIONS DATA
- (Record_data hourly)
- Date:__ (- 26" 73
Time | Initialsof | Total Col. | Stack 7" | stack 4" | stack
Person Flow, *" |sO2, ppm | NOx, ppm | Opacity,
Recording klb/hr percent
Data
2.7 e | 2l (L7 z/
¢ 590 fftf 0.8 | 2060 | 423 | 3./
i ﬂ i 709 | 214 L30 3./
vco VAP 9.9 | 2.23 127 | 21
1290 /'47 ¢85 206 | (22 | 3/
iZ59 99.2 |\ g05 | Lz5s |31
oho //Z‘ 7.9 |23 | /2 |5/
/7 798 228 | LR | S/
2 Mx WO | 2.25 | L2% | 3/
.20 {WPR v/ 2.27 /32 3.0
9 | WwPe %y |29 | 139 |30 |
iego | WPR 33.7 2.22 | .39 | 3.0
@00 | WPR 2.9 2-2S .38 S5.0
s000 | WirR 23 | 2.07 ]33 2.6
300 WPR 9.0 2.20 90 | 2.6
I
H
|
L I _____j

Project Engineer Review /@ 7/ /M,?
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TABLE 5-28. PROCESS DATA LOG NO. 3: ESP DATA
(Record data every two hours)

Initials of Secondary Side
Person
Recording Voltage, | Current,
Data .
II]&D‘: ‘/I—R/ 1 A-B Ou( | of feHut ot ?’;’T'Jrﬁf‘c)
" 2 | al 260 | us | =. | o
l 2 B | 2us 70 =3 |1 >
| 3 | a D 35 ., fz=--
3 | B | 250 tio =5 | 300
4 A 4 -
4 B | —
j , s | A2 | (36 ¥8 5w
Y 5 B | 275 14t ¢ L3
!
Il oy h,,/L, 1 A-B ol R g ( Tuser \
" K ) A oY % _ )
2 B | ->1 71 - [ 222
3 A LN _——
3 B
I l 4 A
! 4 B
| | 5 | A
L 15 18]

Project Engincer Review W % Q/f/ﬁ’
Initials/Date

A-3



-
-

TABLE 5-28. PROCESS DATA LOG NO. 3: ESP DATA
(Record data every two hours)

Date: _7/26/93

Initials of Bus | Primary Side Secondary Side
Person
Recording Voitage, | Current, | Voltage, | Current,
Data \VJ amps kv ma
{yv©° W 1 AB| sul |v Y T C"i‘k’ ﬂ
.’! 2 A 5y 20 il o
2 B | o = Z0o o - H
| | 3 Al -~ ] 2 -
\ 3 | B | - -> D -z | |
\ s |al| ops |
s { B ]| cp
/ : 5 A 7T .- - . - I
v f/ 5 B _ - e = - . l
|
[e00 _l;f‘/'\/e- 1 A-B | > oo Do ‘.-l'. _ _75:,‘,,,,{ 14
! 2 A I40 D = tive 1
| 2 | B |. % 70 o 7.5
| 3 A . L - - i
3 | B |--- g B |
; 4 A
l | 4 B 1
! | 5 A

Review;(%'/ylyf

Initials/Date
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TABLE 5-28. PROCESS DATA LOG NO. 3: ESP DATA
(Record data every two hours)

Date:

7/2¢/23

Secondary Side
Person
Recording Voltage, | Current, | Voltage, | Current,
Data v amps kv ma
19,09 1 [AB| ritof |avwen | ( Fonn )
2 | a1 NF 186> |uw | jve
2 B | 260 75 - LD
| 3 Al 252 90 <= .
I 3 | B | 0 | g cy |30 |
a | A loeeg. —
4 B a'{_!,_ _ — <|
5 A 2 l7_‘_r' ¢ D L9 oo
5 B | Joo | Ju- ~3 1= .:’1
2000 1 A-B| ¢ of cews ) . -}E;L,l’.) 1
2 | A ’ I
2 | B ||
3 | A |
3 B
4 | A . ‘I
| s | B[ " .
H 5 A
5 B :

Initials/Date
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TABLF 5-26. PROCESS DATA LOG NO. 1: POWER PLANT CONTROL ROOM
BOILER PROCESS DATA
(Record data hourly)
7/21/13

Date:

s

Initials of | , | Furnace | Steam temp,, F ' Throttlé‘

person MW |Outlet |48 ___ 6460 ! Steam | Steam
Recording Oxygen, | SH RH Pres., | Flow,
Data percent | Outlet Outlet psig | kib/hr
“Em 16 1170 | o000 [ 253 530 |595.14
RO0 o | v SO0 920 1S3y | R0
| R0D 1(e B IR T Lo § tuki 534 | S e

\RER) Wed | \no \DSO A S35 | eSS
RO 13 | e~ \000 Q%3 1334 { Y1780
RO We borea e oTeY Qgy 1535 | 93¢hY |
ROD | wie | \We \ooo XN S3n |79
KOS Twes [ A3y 000 43¢ Sa4 |9R .:Li
0 WL S LG \ooe Q3 sz |4 1%

WPR he.S [ 1724 | eeo 987  [i1s35 |378.38

00 | wPR _Ipea |l 175 [ reco | 983 |)533 378,30
1800 | WPR L3 )1.5S | 1900 | 937 1532_|877.05

[oo [ weR 1Ly 208 | w0 [ 350 | 1535{%79.88
ldm WPR [ 18] 100e | 490 |1533|3725.4/

N AN B I

5 3

Initials/Date

Project Engineer Review
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TABLE 5-27. PROCESS DATA LOG NO. 2: POWER PLANT CONTROL ROOM
- EMISSIONS DATA
(Recard data hourly)

Initials of

Person S
Recording kib/hr percent J
Data ;
7€ m $9.3506 |a./3 ly2 3,1 |
OB 9.0 PR Y 3.y ]
KOO .3 219 A 3.09
ROO Q0.3 a3 | \3¢ 3.04
RO Q0.4 an aa |
RED 39N X.23 L6 3.0 5
RO .9 54 Ll .10
| \ROD .S | i49 133 Bute
et 1.3 2370 145 | 3.5
WPR Ay 2:7% ) qx 1 3.0
‘Pm WPR__1925 233 | L4l | 3,
100 LOTMR 92.3 .70 1.36 3.0
06 | WPR 93,2 .75 h3e | 20
XL wPR [93.8 |63 ] ).33 2.k
I|] |
L e s— e b ———r—— r——c y——
Project Engincer Review ﬂ / °/5/ 73
Initials/Date

A-7
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TABLE 5-28. PROCESS DATA LOG NO. 3: ESP DATA
) (Record data every two hours)

_Dae:

Time | Initials of | Field | Bus | Primary Side Secondary Side |
Person
Recording Voitage, | Current, | Voltage, | Current, |
Data v amps kv ma
L onoo | {ard~] 1 | AB [e——Ftops:s o 1 — o1
| 2 A | |50 38 ) 1oV
\ 2 B 130 Jeo Lo vD
3 A | 2o o) @ 2o
3 B 260 T W) L o0
4 A Jh_ —-—-.___ﬁ__i__,_,._.—_.;
| 4 B l.rpn {1— > —
| 5 | A |iwr 13t «g 5ov
H 5 B 2L ov [z «g Sz
ﬂ
oo | U bl 1 | AB|a——llyed T -
' 2 | a2 w | Lo [0
2 B | &350 70 | 50 2o
3 a2 g0 “ws | iyy
‘ 3 B|-56° /-9 4% |gD0
4 A
4 B .
1 s | alf
YV | s | B| 82| rerc | *2 | 200 |

Project Engineer Review s i 0/'5-/73

Initials/Date



TABLE 5-28. PROCESS DATA 1LOG NO. 3: ESP DATA
(Record gdata every two hours)

Date: 7/27/ 73
it Primary Side Secondary Side |
Person
Recording Voltage, | Current, | Voltage, | Current, |
; Data Vv amps kv ma |
1300 ﬂ,._/.// 1 A-B | e okt —+———> |
Eﬁ a4 2 | A R00 | 2 g ¢ (2O |
2 B LSO V= 3 | 2 0 |
k 3 | A 0 90 “+§ | 27Z j
| 3 | B| 2¢0 l(o “o | 300
4 A
n 4 B %ﬁj —
g s | A 1’?% (35 | 4% | oo
v s | B | 2% | (v3 | 4o | 550
II .
200 b 1 |AB| e—0 - oul -
2 Al Lo ¢0 Gl roJ
2 | B | Wo S5 So 210
3 | A -0 90 % | 203
3 B | -»0 lor «s | oo
Y ¢ | A | opg— —
| a | B | ooy 41— —> |
H \ P 5 A | 2 iy -0 -2
n ¥/ 5 B LD tir -3 20

Initials/Date



TABLE 5-28. PROCESS DATA 1LOG NO. 3: ESP DA1A
(Record data every two hours)

- - _Date: L1 /%=
| Primary Side Secondary Side
Person '
Recording ‘| Voltage, | Current, | Voltage, | Current, §
Data v amps kv ma '
| | 700 OM/‘D/ 1 A-B i ‘-./?‘6[,-'_, aﬂ)‘: >
2 A | 220D 2 7Y ) Mo
‘ 2 B | Lwo 7o 2 220
3 A | oo o o .7
3 B =2 /a‘; - Z oo
4 B LA = 1
5 A ;- i ’_: :— - .;.)./
P - ) =1
/ s | B | 290 | 1us | ey |35
ﬁ (900 1 AB | a4 . po ) e X ——t—
2 | A | 1¢e 1do %L /0o
2 B LSD 20 N d LLO
3 Al 260 90 “g | 273
3 B 260 e ot ~-q 30
I 4 A g —~n
4 B 9 >
5 A |37 ~v D
5 | B 4 «s | Xp

Project Engincer Review @ / ‘/5/?3

Initials/Date
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TABLE 5-26. PROCESS DATA LOG NO. 1: POWER PLANT CONTROL ROOM
BOILER PROCESS DATA
(Record data hourly)

Date:

| Time | Initials of | Load, | Fumndce | Steam temp, F Druf | Throté” |
' person MW | Outlet £ gfel | Steam | Steam |
Recording Oxygen, | sH RH Pres., | Flow,
Data percent | Qutlet Outlet psig | kib/hr
o lEm )b (152 [seon [ 580 2834 |iyed
Qe _nn. L0 o0 q%3 (§3s_| 983
LB lwes 173 L isos 15 s | %¢
OO W [ 133 [leos | Q%) Sy | R4
L ROD  lweg [A\N8 oo | A% lig3c | 38\
KOO W Tisy | oo Qsq  |way | 95>
RO lunz |\t | ioet Q4 lsru | 3%
KOO Iwe \. 3y oo 9%¢ \Seg | IR
D (wms sy [ woe | %33 | 63n | 39
wPE. 111291 151 1999 1 994 11533335
WPR 1184 | 163 | 1000 | 995 | 1535|830
||
ll _ _

A~ 2%70
u:-.,uv:rz wad

Ca, BRLTC O

| ST

T Bk
oﬂSJ-lc"on

117 Shenr
pPiv 2B 0w

Jo21

/o758,
Project Engincer Review é@ //7-3

A-11
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TABLE 5-27. PROCESS DATA LOG NO. 2: POWER PLANT CONTROL ROOM

| Time

Person
Recording

Initials of -

EMISSIONS DATA
.- (Record data hourly)
’ 7- A Date: 7(2 R[ q3

Total Coal | Stack Stack
NOx, ppm

—

Project Engineer Review /6? /°/5773

Initials/Date



TABLE 5-28. PROCESS DATA LOG NO. 3: ESP LATA
(Recor'd data every two hours)

-

Date: Z/L'ﬁ / 73

A-13

Time | Initialsof | Field | Bus | Primary Side Secondary Side |
Person :
Recording Voltage, | Current, | Voltage, | Current, |
Data v amps kv ma :
i 04001 9 1 A-B (e oA — >
II ’ 2 A | lto "t v )
2 B | 260 | 7o w? |20
I 3 A | 260 95 B IR
3 B | s fos - ® RS
} 4 | A |e— Jo{,:g/ -—>
l 4 B je—— 0"’
ﬂ I s jAal4T | 133 =9 Io0
l Y 5 | B | 2wo] 1“3 | wo | 3o
1 |[AB oo oLt
2 {al» |so YL | 1zo
2 B | )50 | 7o L*a; ) LO
3 Al 72| 75 L -7
3 B | _i- e “ SR,
4 A
s | a | o0 .- o | -
5 B | 29O 2 “e | o

Project Engineer Review L7 ijf.?

Initials/Date
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TABLE 5-28. PROCESS DATA LOG NO.3: ESP DATA

(Record data every two hours)

- Date:
Primary Side Secondary Side |
Voltage, | Current,
v amps
(200 Q- 1 A-B | »e— A o O !
[ 2 A | L/ E’o >
;' 2 B %3 %
{ 3 A | 200 0
| 3 B | 250 o=
| 4 A let),
|E 4 B Je .. .{ v-
' 5 A | 290 fi{'
¥ , 5 B | _20o | &~
AB | ugp L {0

v
O
<

(V.S O T O - N VI ST N B N R

@ |> (2> |w|»|wi>

A-14

Project Engineer Review [ /b/%j'
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TABLE 5-28. PROCESS DATA LOG NO. 3: ESP DATA
(Record data every two hours)

Date: _ 7/ L&Y 2
Time | Initials of | Field | Bus | Primary Side Secondary Side
Person :
Recording Voltage, | Current, | Voltage, | Current,
Data v amps kv ma h
Bov | b 1 [AB| e Aacid | +—— |
'e i 2 | a]WE5 | 50 | %% | o |
: i- 2 B 250 <0 @ | Lvo
.5 3 | a] 270| 40 | Seo |-o<
; I 3 | B | 265 | 105 | 48 |50o
k \ 4 | A P—RE ~ >
| \ 4 | B b ap2] — —
! \ s | al2ge 135 | <9 Too
J v s | B |2%0 | |uc N
1 A-B
2 | A |
2 B
3 A
3 B
4 A
a | B ;
5 1 A I
5 B n

Project Engineer Review /@ / ‘Vf/ﬁj’

Initials/Date

A-15



TABLE 5-26. PROCESS DATA LOG NO. 1: POWER PLANT CONTROL ROOM
-~ BOILER PROCESS DATA

(Record data hourly)

Date:____[

Initials of , Fuma Steam tcmp., F

person MW Outlet AL 1:48

Recarding Oxygen, | SH RH

Data percent | Outlet | Outlet

200 ‘]im Db 1197 ooy 95
- 500 ;/;4/ 7 | .82 \woo | g0
cgoo AT |17 )95 | °FF | 773
oo FS N7 1296 ool | 99/

[ i/&@k'g]' )17 | h¢e /000 75
AT (N7 |58 |00 | 757
AL N6 | 42 |yoor | 98E

22/, g |18 |00 | 988

GRS e 1167 |po0 | 9se :

S P [ LY L e 797 153 fﬁt.cﬁ
|
|
|
|

—]l}
K #5542

A-16



TABLE 5-27. PROCESS DATA LGG NO. 2: POWER PLANT CONTROL ROOM

~ EMISSIONS DATA
(F.ecord data hourly)
wDate:__ 12_?/ 73

4: . 1
0700 | 1&m f3.40 |2.5% J.49 3,09
vso0_| P 9v.2 |29 | /133 | 3.0 |

o |\ K7 | 258 lzq |13 | B/ ﬂ
1089\ 2/ %e 2w | 132 | 3/

ﬁ, poy K- g0 |2X .54 | 2/

200 |ZR0r | 953 | 233 | 229 | 2/
1300 | F A7 27,3 | 260 | /.3 | 3/
Joo0 |& B 232 | 2.7/ ¥ | 3/
500 A AT 73.4 | 257 | ,R? | 3./
1660 | Wt 90.¢ {2,574 {191 | 3.9
1200 !
/520 ]

| 1'

A R

Project Engineer Review /& A "/3/73
Initials/Date

A-17
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TABLE 5-28. PROCESS DATA LOG NO. 3: ESP DATA
' (Record data every two hours)

" Date: Z(LC?K 5 "

0909 Lub 1 |AaB|®—~ ‘ﬁ-q'(q)-o" X > ]
| ) 2 | a| 23 5 Ly o |
2 2 B 2 >3 70 W 2L0
L 3 A 265 90 To |2 =3
| 3 | B | 265 [ lo% <9 | 300
[ | 4 Al o >

i 4 | B | o4 >
i \ s | a | 280 | 13g ta 9o
v v s | B [L8e | jur | wg | To,
Hov | Y0 1 | AB ja— I
f \ N 2 | A | w0 0 6 | ILo
2 | By w0 | 70 w; | 220
B 3 | Ak’ | 90 | 4] o
I 3 | B [262 Joz ba | 300
4 | A lovg — —s
1 N ENEYE — |
(R s | a0
Lnpd Vo s 1

Initials/Date

A-18
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TABLE 5-28. PROCESS DATA LOG NO.3: ESP DATA
- (Record data every two hours)

" " Date: 2{3-?4 73

Secondary Side
Recording Voltage, | Current, | Voltage, | Current,
Data v amps kv ma
) | ydy 1 |aB| e—— ol ot ——
[ T 2 lalyw | go | 47 {2
E 2 | B |242 | Yo w9 [ 220
! 3 ) AT 12 >o 1373
3 | B | 2AT | 108 4 | zov
4 A | L >
l 4 B --;:’.-': —>
\ .5 A | %l [33 49 T Dy
v L 5 B | .97 LS ue 5506
=09\ 1 |AB " Maaesrbudt |~
B 2 | alzo [so [«¢ [ro
\, 2 | B | 13 70 w | 20
3 A 260 90 v Z I
F 3 | B | 27 | o- “9 | Joo
| l ¢ |Aalowpd L >
| 4 | B :
| ! 5 A

Project Engineer Review 58~ p/{/f.?

Initials/Date
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TABLE 5-26. PROCESS DATA LOG NO. 1: POWER PLANT CONTROL ROOM
BOILER PROCESS DATA
(Record data hourly)

Initials of Steam temp., F Drifa | Throufe }
person MW | Outlet L £__I|Stcam | Steam |
Recording Oxygen, | SH RH Pres., | Flow,
Data percent | Qutlet | Outlet psig | kib/hr

“em W6 o7 Moo ;1973 53¢ , 1:
787 Twe )95 | 72 | 950 /539 los5.72]
s e 2 K o | 78 (15D @i
LA /(7 244 000 | 992 /535 |4
YE7 (N7 |52 |/eeo | 975 1533 \@2.#
% /2 \Z/5 | 999 | 923 /539 |g£4.20
ﬁcf 7 /.92 | 79 | 79/ 53/ (555.4/
/17 V\R.07 | /922 | 975 |/o53Y |z
ACZ7 e 1207 | 77 | 769 |7 \eis3

SO
Project Engincer Review /@ /;/73

Initials/Date

A-20



TABLE 5-27. PROCESS DATA LOG NO. 2: POWER PLANT CONTROL ROOM
EMISSIONS DATA
(Record data hourly)

Total Coal

Stack

ate: O /° 2-73

Person Flow, SO2, ppm | NOx, ppm | Opacity,
Recording kib/hr percent
Data
rq00 | /Em S0,00 . | 265 |1433 | 3,0
0500 Vﬁ" 2./ 275 | /32 | Z/
opoo |o 4/ o7 | 263 | r29 | 2/
oo VL2V | 7.4 | 2¢¢ | 228 | 5./
08 ‘ /ﬁ,, 79.% 169 Li/ 3./
/202 ff 796 | 2y /3% | 2/
1200 V 94.3 292 | )35 2./
o \ZHS | a5d 257 | 25K 3./
/500 Té%f 954 |\ze/ | 40 |3/
J 6D
70
I /460

[ =====“==ﬁ

|
S====

Project Engineer Review @ /o/*”’/?,?

A-2]

Initials/Date
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TABLE §5-28. PROCESS DATA LOG NO. 3: ESP DAT.\
| (Record data every two hours)

Primary Side Secondary Side
Recording Voltage, | Current, | Voltage, | Current, I:
Data \4 amps kv ma
oo | Ysb— | 1 {ABle— T
t 1 2 |'A ] 00 ':f-q, %L 130
‘a ] 2 | B |23b | 70 S | 220
| 3 | A 260 | BC Co | 278
] 3 I B | Llbg | loC Yg | 300
f 4 | Al opp L —— T3
;’r 4 B JJ —> |
i s 1 a1 27¢ | 15 | ¢4 | Sw |
l \, N\ 5 B | L3 195 | &3 SCo I
i 19 9 | 1 |aB|“— fogr |t "‘4
{ r 2 Al 200 4+9 i 130
[ 2 | B |35 | 9o we | 220 |
i \ 3 fal2bp | 90 veq |27z
| | \ 3 1B | L¢o (63 €% | 200
I P o s e
lL T
D s | A
L1 " s 13297 ] el | ¥ | oo

Project Engineer Review AL V%}

Initials/Date

A-22
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TABLE 3-28. PROCESS DATA LOG NO. 3: ESP DATA
' (Record data every two hours)

" Date: _/ /30/73

-

nov| Q- | 1 [AB = e ohl \—-——_.al
R ~ 2 |a| Y| 50 | vo [[w
I\ 2 | B | 30| 7? T
| 3 | a| Lbo 16 ¢ | 273
u 3 [ B | Lbo lox 49 | %00
4 A .-f,,& N >
| ¢ | B lopfe |—T—— =
I s | afarge | (3¢ | 49| Soo
| \ g s | Bl 220 (¢S] o | x50
[500 1 | aB e Lygps o] —p
l 2 [ alaw 150 ¥4 | J20
2 | B jau3s | 70 w6 |20
3 Aliey | 40 Gu | 271
3 | B b | /o7 “+4 | 300
[ s |along 1 —— —-
4 B | orfd—" ==
l 5 A 9—:5;0 [37 4R | S09
I 5 | B | 290 g 9o, | 33v

I

Projcd Engincer Review /M 7/ 5 3

Initials/Date
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TABLE 5-28. PROCESS DATA LOG NO. 3: ESP DATA
' (Record data every two hours)

- - Date:

S
£
;
La

|
:

wW|» jw|» @ |w]|>
03

>
%

WP {FI>|wi»|o]|»

uu‘u‘hhwwuup Wl AW W NN =

Projed Engineer Review @ /‘7/’773'

Initials/Date
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TABLE 5-26. PROCESS DATA LOG NO. 1: POWER PLANT CONTROL ROOM

BOILER PROCESS DATA
| : _ (Record data hourly)
' Date: 7/3{{ 73

Steam temp., F
g P

person € 4.8 Steam

Recording 1 Oxygen, | SH RH Pr_es.. Flow,

Data percent | Qutlet Outlet psig klb/hr
0o 7 ‘H.‘J/ /5% froR fot 15331 w920

o000 | WRER (N3] )97 oo | 977 lis33] &5
0500 WPR [ 12| 1,87 | jopa | 953 | /530|303, 78]
10000 {oPR | N7.21 (127 | 1e00 | 935 |/535|35493
wpR li111.01/.72¢ | 997 | 786 |/533|36i.3y
200 LwpPR (7.3 206 | /00 1989 [1529(%71.03
{300 | wPR | 18,3 [ 2.0/ )000| 944 |1435 | 87534
R, Iﬁoo wPR_[11%7] 187 |/o00 | 989 [1526 | 3680t
500 | WwPR | N8| 197 | 1p00 | 993 |1533|82.95

jLoD | K2 f12.9) .9x | joot | 99¢ 1rod] 8.t

e
oy
O
L)

R R

]

-

L)
Project Engineer Review /é% /;/73
Initials/Date
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TABLE 5-27. PROCESS DATA LOG NO. 2: POWER PLANT CONTROL ROOM
EMISSIONS DATA

(Record data hourly)

L ¢a A
Initials of Total Coal

Person Flow, . | SO2, ppm
Recording klb/hr - percent
Data :

9o | 78m 1.6 | 2,93 11 3,50
foson [ Wik ey (230 | 127 300 |
o900 | wPR [g5.20 [2:35 [ 1,29 {355 |
oo |wPr |95 239 |).31 |3.09 |
1o - | wWwPR 955  |R.Y3 /.34 | 3.10
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TABLE 5-28. PROCESS DATA LOG NO. 3: ESP DATA
' (Record data every two hours)
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APPENDIX B

AUDIT



B-1. Introducti

No audits were conducted at Niles Station during the period of sampling at Boiler
No. 2. However, during the previous week (i.e., the week of July 18-24) Battelle and
Chester staff conducted six days of solid, liquid, and flue gas sampling at the SNOX process,
an Innovative Clean Coal Technology Demonstration Project operating at Boiler No. 2.
During that time period, Research Triangle Institute (RTI) conducted technical and
performance audits of the field effort. Those audits took place on July 20 and 21, 1993.
Because the Boiler No. 2 field effort described in this report followed immediately after that
at the SNOX process, the RTI audits are considered to apply to the Boiler No. 2 study as
well.

The RTI activities included technical audits, performance audits, and CEM
calibrations. Those separate activities are discussed in Sections B-2 through B-4,
respectively. The RTI Field Sampling Audit Report for Niles Station is included at the end
of this Appendix.

B- nical A

The following are responses to specific comments made by RTI; these are organized
under the same headings and in the same order as the original comments in the enclosed RTI

report.

Findings

(1)  There is no intent of assigning all of the probe rinse particulate to any one
particle size fraction. This material is considered as a separate component, for
example in discussion of particle size distributions in Section 7.3. Given the
constraints of flue gas sampling at the ESP inlet, there was no alternative to
use of the extractive sampling mode.

B-1



(2

)

4)

&)
(6)

7

(8)

&)

(10)

Observations

1)
@
&)

The glass cyclones were designed to provide the desired particle size cuts, and
to be accommodated within 2 Method 5 heated box along with the particulate
filter. Insufficient time was available before the field study to conduct
verification tests, but the flow rates used in the field were appropriate for
achieving the desired 10 um and 5 um size cuts.

This comment does not apply to Boiler No. 2 sampling.

The Fyrite solutions used by Chester for O, measurements at Locations 5a and
5b at Boiler No. 2 were replaced regularly, following this comment from RTI
auditing previous to the Boiler No. 2 measurements.

No response needed.

Blank samples were taken of all reagents made up with the deionized water,
for blank subtraction.

The impact on data should be minimal, since gas flow/reagent volume ratios
were similar with the two sizes of glassware,

The potential for some effect from SO, in the flue gas is real, however, it is
not clear how "bleaching” of DNPH solution by SO, could be greater in the
second impinger than in the first. The procedure used was discussed with
knowledgeable staff at U.S. EPA prior to the study, and the aldehyde results
appear reasonable (see Section 5.7).

This comment refers to the baghouse at the SNOX process, but the same tool
was used in collection of ESP ash at Boiler No. 2. The impact on ash
composition data is almost certainly negligible, given the ample quantities of
ash collected, and the small amount of damage to the sampling device.

This comment is not pertinent to sampling at Boiler No. 2.

No comment needed.
No comment needed.

This comment refers to an issue that field staff were not qualified to address.
To the extent possible, review of analytical data has been conducted in
compiling data for this report, and in preparing study data for the PISCES data
base format.



Recommendations

(1)

@)

&)

(4)

&)

(6)

This recommendation appears to contradict the comments made by RTI under
Findings, Item 5. No critical weighings were conducted in the field, so NIST-
traceable weigh checks are unnecessary.

Reagent blanks were analyzed for all sampling methods, and the data shown in
this report have been properly corrected. The water itself was not analyzed.

The scope of this study does not include such an investigation. As noted
above, guidance from U.S. EPA indicates the method should not be
invalidated by elevated SO, levels.

The use of such a model would be very prone to error, given the frequently
changing configuration of the probe and flexible line combination. No useful
information would be obtained from such an effort,

Validation testing such as that suggested is beyond the scope of the present
study, though it may be of value in future work. Given that the cyclones were
used at only one location having a very high particulate loading, such an effort
wouid have minimal effect on the results of this study.

During sampling at Boiler No. 2, the Fyrite sample solutions were changed
regularly to avoid use of aged solutions.

B-3. Performance Evaluation Audits

As indicated in the enclosed RTI Field Sampling Audit Report, RTI performed
Performance Evaluation Audits (PEA) by spiking sampling materials with target analytes.
Tables B-1, B-2, B-3, and B-4 show the results of the analyses of the spiked samples for
metals, PAH, VOST, and aldehydes, respectively. For each spiked sample, the mass of

analyte found by Battelle, the mass of analyte spiked into the sample as reported by RTI, and

the percent recovery of the spiked analyte are shown. The significance of these results is

discussed according to analyte class in the following paragraphs.



Metals

As shown in Table B-1, six of the recoveries for the PEA samples are outside of the
range of 70 to 130 percent. Battelle’s accuracy requirement for metals was 80 to 120
percent recovery for certified standard materials. Since the PEA samples are not certified
standards, and since analyte losses may have occurred during spiking, a wider range for
these analyses is considered acceptable.

For the filter samples, mercury and selenium showed lower recoveries than the other
three analytes (excluding cadmium in N-18-MUM-721). This result could be due to potential
losses of these compounds during the spiking process or during sample handiing, preparation,
and analysis.

The 55 percent recovery for cadmium in N-18-MUM-721 filter is considered an
outlier since cadmium recoveries for all other samples are acceptable.

The 44 percent recovery for selenium in N-18-MUM-721 (solution) is attributed to
the low spike level and the anticipated lower analytical accuracy near the detection limit of a
method. The detection limit for selenium in prepared H,0, impinger solution was 0.01
mg/L; the detected level in N-18-MUM-721 was 0.07 mg/L. This low selenium recovery is
not expected to occur in actual samples because selenium levels in most samples were found

at much higher concentrations.

PAH

As shown in Table B-2, recoveries for almost all of the PAH in the PEA samples
were between 50 to 150 percent. This accuracy limit was established on this project for
recovery of deuterated PAH spiked into samples prior to extraction and is reasonable to use
as a limit for the PEA samples.

The low recovery of the volatile PAH naphthalene from spiked filters results
principally because this compound was spiked onto blank filters rather than onto particulate
matter on filters. Volatile PAH are more stable on particulate matter than on blank filters.
Much of the spiked naphthalene was likely lost from the blank filters during sample handling

and transporting. Acenaphthylene and acenaphthene are similarly volatile and also showed
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slightly lower recoveries on the filter PEA samples in comparison to the other PAH. An
alternative approach to spiking would be to spike collected filter samples with deuterated
PAH. The low recovery for naphthalene on the filter PEA samples is not expected to affect
sample results since this volatile PAH would be bound on particulate in actual filter samples
and less susceptible to the losses described here.

The recovery (162 percent) for dibenzo(a,h)anthracene from the N-19 filters was
higher than 150 percent for one of the four PEA samples. Since all the recoveries for other
PAH in this sample were in the acceptable range, this high recovery is probably due to
contamination in the field spiking process, or in sample handling, or in the laboratory.
However, this high recovery should not affect sample results because dibenzo(a,h)anthracene
was not detected in the field blanks and laboratory method blanks.

VOST

For the majority of the VOST compounds (Table B-3), recoveries of the spiked
compounds into the PEA samples were within 26 to 160 percent. This accuracy limit was
established for recovery of surrogate spikes from VOST samples and is reasonable to use as
a limit for PEA samples.

The recoveries for bromomethane were lower than 26 percent in two of the three
PEA samples. These low recoveries are attributed to losses due to volatility. It cannot be
determined whether these losses may have occurred during the spiking process or during
analysis. If losses occurred during analysis, then sample results may have been affected in a
similar manner.

The recoveries for trichloroethene were higher than 160 percent for two of the three
PEA samples. This high recovery is probably not due to contamination in the field or
laboratory since trichloroethene was not detected in actval samples {detection limit of 0.025
ug). It may be due to an error in the amount spiked or inaccurate quantification (i.e.,
caltbration) of trichloroethene in the analysis. However, these two causes would not prevent
the detection of trichloroethene in the actual samples; and since trichloroethene was not

detected, the high trichloroethene recoveries do not affect sample results.



Vinyl chloride was not detected (ND) in the PEA samples at a detection limit of
0.025 ug. Since the spike levels are well above the detection limit, these results suggest
that, like bromomethane, iosses of vinyl chloride may have occurred during the spiking
process or during analysis.

Methylene chloride results are not reported (NR) for the PEA samples because
spurious contamination in VOST blank samples made data for all samples suspect.

Battelle did not analyze 1,3-butadiene, trichlorofluoromethane, or 1,2-dibromo-
methane as a part of this project so results are not provided for these compounds in the PEA

samples.

Aldehydes

The recoveries for formaldehyde spiked into the PEA samples were between 50 to
150 percent as listed in Table B-4. This limit was established on this project for recovery of
aldehydes and is reasonable to use as a limit for the PEA samples. These acceptable
recoveries suggest that recovery of target aldehydes from actual samples was effective,

B4, r i

As described in the enclosed RTI report, RTI audited Battelle’s paramagnetic O,
analyzers, Chester Environmental’s Fyrite O, analyzers, dry gas meters from both groups,
and SO, and NO, CEM instruments operated by ABB at the SNOX facility. All but the last
are pertinent to the Boiler No. 2 sampling effort. Results of these audits are tabulated in the
enclosed RTI report. Battelle’s dry gas meter results, noted in the RTI report, were
provided to RTI, and to the best of our knowledge agreed within a few percent with the RTI

audit.

B-5. B ject A

A copy of the findings of the audits conducted by Battelle’s Quality Assurance Project
Officer is provided as the last part of this appendix.

B-6



Results from the coal analysis round robin coordinated by Consol, Inc. (Consol) for
DOE/PETC are presented in Tables B-5 and B-6 for Samples F and O, respectively, which
are the duplicate samples generated from Niles coal provided by Battelle to Consol.

A comparison of the average round robin results for Niles coal from all five
laboratories participating in the study, with the results provided in Table 5-6 of Section 5 of
this report for Niles boiler feed coal, is provided in Table B-7. In general, the relative
percent difference between the average results for detected elements in the boiler feed coal
presented in Table 5-6 and the average result obtained for Niles coal (designated Samples F
and O) by the five laboratories participating in the round robin study was less than 30
percent. (The relative percent difference values were caiculated as the difference between
the two dry averages, divided by the mean of the two averages.)

The shaded results in Table B-7 indicate cases where the average round robin result
was used in mass balance calculations instead of the result provided in Table 5-6 of this
report. For three of the elements, cadmium, molybdenum, and selenium, the round robin
result was used to replace a nondetected value reported in Table 5-6 to provide better
accuracy.

Antimony and nickel were the only two detected elements with relative percent
differences above 30 percent, at 56 percent and 38 percent, respectively. The average
antimony result from the round robin result (2.1 ug/g, dry, versus 1.1 ug/g, as received in
Table 5-6) was therefore used in the mass balance calculation. The average nickel result
from the round robin study (28.2 ug/g, dry, versus 18 ug/g, as received, in Table 5-6) was
not used in the mass balance calculations because the percent relative standard deviation
associated with nickel in the round robin study was relatively high (average of 33.1 percent),
as was the range (76 percent) in comparison to the other elements. This suggested that the

round robin result was not more accurate than the result presented in Table 5-6.
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TABLE B-7. COMPARISON OF BOILER FEED COAL RESULTS WITH
ROUND ROBIN RESULTS

Average Average Average
Tabie 5-6 Table 5-6 Round Robin  Relative
Result (ug/g, Result (ug/g, Result (F/O) Percent
Analyte as received) dry}* {ug/g, dry) Ditference

Aluminum 14067 15052 15925 8
Antimony ;
Arsenic
Barium
Beryllium
Boron
Cadmium
Chromium
Cobalt
Copper

Lead
Manganese
Mercury
Molybdenum
Nickel
Potassium
Selenium e NDxD: ;
Silicon 24567 26287 28499 8
Sodium oo 321 297 8
Titanium 800 856 976 13
Vanadium 28 30 34 13

*Calculated using average moisture value of 6.5 percent for boiler feed coal.
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Field Audit of:

Niles Station Unit 2
Obio Edison
Niles, OH

Contractors: Battelle Memorial Institute
Chester Environmental

Dates: July 20 and 21, 1993

RTI Personnel: J.B. Flanagan and L.L. Pearce

Introduction

Niles Station Unit 2 is owned and operated by the Ohio Edison system and is located
adjacent to the Mahoning River just south of Niles, Ohio. Unit 2 is a cyclone coal-fired
boiler, burming bituminous coal from various sources. The coal has an average sulfur content
of 3.0 percent Typical gross electrical generation at full load is 100 MW. To maintain full
load, four star-valve feeders supply approximately 44 tons per hour of coal into four burners.
Approximately 20 to 30 percent of the ash in the coal is fly ash. An electrostatic precipitator
(ESP) is the principal control for entrained fly ash. The rest of the ash, approximately 70 to
80 percent, is retained as molten slag in the bottom of the boiler and then drained into a tank
filied with water.

A slipstream exits unit 2 prior to the ESP and is routed to the Innovative Clean Coal
Technology Wet Gas Sulfuric Acid - Selective Catalytic Reduction of NO, (ICCT WSA-
SNOX) pilot plant managed by ABB Combustion Engineering. The WSA-SNOX process
provides SO, and NO, control on 35 percent of the flue gas from unit 2. There are no SO,
or NO_ control systems for the remaining 65 percent of the flue gas. The WSA-SNOX
process uses a selective catalytic reactor for the removal of NO, and an SO, catalytic reactor
in sequence with a cooling tower to convert SO, 1o sulfuric acid.

During the audit, the Niles plant had repeated operational problems with one of the
four coal feeders. On Tuesday, July 20, sampling was postponed because of this problem.
By 1:00 p.m. on Wednesday, July 21, this had been resoived, and a full day of organic
sampling commenced. Thus, the entire sampling schedule was shifted.

Despite the schedule change, the auditors were able to complete all performance
evaluarion audits (PEAs) and andit questionnaires. In addition, more lime was available on
Tuesday and on Wednesday morning to interview the sampling personnel and to examnine
records. The auditors departed the site at approximately 6:00 p.m. on Wednesday.
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Findings

1.

Finding: Particulate fractions data may be compressed because cyclones were
operated in an extractive mode instead of in the stack. In-stack sampling could not
be perforined because the ports were too small to allow the cyclones to pass through.
Obtaining the sample required a sample probe and flexible Teflon line. According to
Tom Kelly, up to 15 feet of tubing (probe length plus flexible line) were needed when
performing a full traverse. When performing single-point sampling, shorter tubing
runs were used. Battelle will wash the probe and lines to recover any particulate
matenal lost.

Effect on Data: Extractive versus in-stack cyclone sampling may lead to different
results because of particle loss in the probe and lines. Depending on the gas flow rate,
tubing diameter, tubing length, and acrodynamic diameter particle loss will vary.

Rinsing the probe and flexible line is a good idea, but assigning all of this material to
the first size fraction is questionable. See the Recommendation section of this report
for a suggested investigation that might help clarify this issue.

Finding: Glass cyclones of new design were used to collect particulate for size-
fractionated analysis of metals. According to George Sverdrup, these cyclones were
of an original Battelle design and were developed specifically for this program and
fabricated only weeks prior to the Niles field testing,

Effect on Data: Unknown. Using all-glass cyclones should eliminate the chance of
metal contamination that is possible with the use of metal cyclones, but because the
cyclones were fabricated only a few weeks before the test, it is not known if validation
testing was adequate.

Finding: On one of the probes operated by Battelle, there was insufficient
insulation to shield the thermocouple that controlled the temperature of the probe
at 250°F from the high temperature flue gas. Consequently, when the thermocouple
entered the duct, approximately half-way into the traverse, the temperature controller
shut down thereby allowing the portion out of the stack to drop below 250°F. In
Figure 1, the controlier is controlling the probe heater to heat the probe to 250°F. In
Figure 2, the controller is tumed off. The probe inside the duct is at a high
temperature, ~380°F, while the probe outside the duct is at a lower temperature,
~198°F, measured by Battelle.

Effect on Data: A few feet of the probe below 250°F secems unlikely to cause
significant problems. This probe, operated at sampling point #19, should be compared
with the probe at point #18 (which had adequate insulation) for evidence of any
unexpected difference in probe rinse concentratons due to condensation in the
unheated section.
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Finding: The use of old absorbing solution in the Fyrite oxygen analyzers may
have led 10 low oxygen results during the performance evaluation audit (PEA).
During the Fyrite oxygen analyzer PEA with analyzer set #1, the oxygen analyzer
measured oxygen 24 percent low compared to RTI's standard gas cylinder. The
second oxygen analyzer measured oxygen approximaiely 3 percent lower than RTT's
oxygen standard. It was determined that the source of error may have been the use of

old absorbing solution in the analyzer.

Effect on Data: Even though Chester Environmental checked the Fyrite #1
periodically with ambient air, the oxygen analyzer continued to give erroneous results
when challenged with a standard oxygen concentration. Checks of the Fyrite against a
standard on a regular basis should be performed and the absorbing solution should be
regularly replaced to prevent measuring incorrect oxygen concentrations at the flue gas
sampling locations. Accurate oxygen measurements are necessary in determining the
air in-leakage at the flue gas sampling locations for flue gas molecular weight
calculations.

Finding: The field batance used to weigh impinger solutions, drierite, etc., was
not being calibrated using NIST-traceable weights. Section 5.1.2.1, “Field '
Sampling Equipment,” of the Sampling/Testing and QA/QC Plan siates, "Field checks
of balance accuracy will be made daily using a set of QC weights which have been
weighed side-by-side with NIST-traceable weights.”

Effect on Data; This will have minimal effects on data because none of the weighings
are used for analytical measurements. This balance was not used for weighing filters,
impactor catch, or any other critical measurcments.

Finding: Water used for washing and making impinger solutions was a
commercial brand of unknown chemical composition.

Effect on Data: The water should be carefully tested for the presence of any of the
target analytes. If results show no contamination, or if background levels can be
subtracted, there should be minimal impact on data.

Finding: Glassware used by Battelle’s subcontractor, Chester Environmental, for
aldehyde analysis was of a different size than that used by Battelle. Battelle used
midget impingers, while Chester used full-size impingers.

Effect on Data: Differences will probably be minimal, but without side-by-side
comparison information, it would be impossible to be certain that the data are exactly
comparable.

B-19



10.

Finding: There appeared to be some bleaching of the DNPH solution, particularly
the second DNPH impinger, possibly due to the high levels of SO,.

Effect on Data: Unknown. Sec recommendations section for a suggested
investigation,

Finding: Baghouse ash may have been contaminated by the sampling device.
Batielle employed a painted steel tube within a tube device for sampling baghouse ash.
Ash samples were obtained by inserting the device into the ash hopper, collecting the
ash sampie, and dispensing the collected sample into an amber jar. Auditors noticed a
few spots where the black enamel paint had flaked off the tube and rusty metal was

exposed.

Effect on Data: Sample contamination could result. The effect on the data is
unknown, but trace metals analyses for these samples should be reviewed for any
evidence of contamination.

Finding: Sampling of the baghouse ash may not have been representative.
Baghouse ash was sampled from three of the six ash hoppers. This sampling
configuration resulted from an obstructed sampling port for one of the ash hoppers.

Effect on Data: Battelle assumed that all six hopers held identical material and the
sampling ash from three hoppers was a representative sample of baghouse ash. Each
of the ash hoppers will contain identical material given that there is a uniform flow of
flue gas through the comparument of the baghouse and a uniform distribution of
particles in the flue gas.

Auditors observed a 90-degree clbow in the duct at the baghouse inlet. This sharp
bend in the ductwork could cause some gas flow disturbances and result in uneven
particle distribution. Since the velocity traverses are unable to be performed at this
location, the discovery of any effects of this disturbance are pending laboratory
analysis.

Observations

1.

No grease was used with Battelle's sampling trains. Because train components had
been preseiected for good fit, leakage was held to a minimum.  Chester appeared to
use Teflon tape on some of the ground glass joints in their trains to minimize leakage.

The sampling ports that had been provided in the SNOX facility ducts were only about

2 inches in usable diameter. This limited the diameter of probes used and prevented
in-stack use of larger devices such as cascade impactors and cyclones. Batelle and
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Chester were well-prepared for most potential problems resulting from the small port
openings; however, comparison of these data with those obtained at other sites may
reveal differences due to extractive versus in-stack sampling.

Field personnel did not know if any single data base would be used to manage the
analytica] data. If a laboratory audit is performed, it would be 2 good idea to audit
data aansfers between the data bases.

Recommendations

1.

The field balance should be checked daily with NIST-traceable weights. Checks
should be recorded in the log book.

Water analyses, including reagent blanks for the impinger solutions made with the
Magnedc Springs water, should be presented in the QC section of the final report.

The observed bleaching of DNPH solutions should be investigated. It is especially
important to verify (1) that high levels of SO, or NO, do not degrade the adducts
after they are formed, and (2) that unreacted DNPH is not degraded to such an extent
that there is incomplete capture of the aldehydes and ketones. Stack conditions could
be recreated in the laboratory to investigate the reactivity of DNPH and adduct
solutions with high SO, gas, high NO_ gas, and zero air.

A computer model should be run to estimate the amount of particulate material lost in
the tubing between the sampling nozzle and the cyclones outside the stack. Results of
size-fractionated chemical analysis should be comrected based on modeling resuits and

probe and tubing wash data.

The all-glass cyclones fabricated by Battelle should be subject to validation testing
since they are of a new design. Important considerations include accuracy of
calculated cutpoints, presence of any static charge buildup on the nonconductive glass
surfaces, and losses in the sample probe and flexible line leading from the duct o the
cyclone.

Battelie should assure that Chester checks the Fyrite oxygen analysis against a
standard on a regular basis and that the solutions arc changed to appropriate intervals.
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Activities
1. Performance Evaluation Audits (PEAS)

All scheduled PEAs were performed for the following:

Paramagnetic oxygen sensors

Fyritc oxygen analyzers

Aldehydes

Trace metals

PAHs

VOST

Dry gas meter/standard orifice

S0, and NO, (ABB SNOX monitors)

- * L} L} L} L] * »

The results of the paramagnetic oxygen sensor PEA, the Fyrite oxygen analyzer PEA,
and the CEM PEA are shown in Tables 1 through 3. Chester Environmental’s dry gas
meter audit results were within 2 percent of the standard critical orifice measurements.
Banelle's dry gas meter audit data had not been received as of August 2, 1993. Sandy
Anderson, the QA Officer, was contacted conceming the missing information.

2 Technical Systems Audits (TSAs)

Because of plant operational problems, not all sampling trains were obscrved;
however, all basic activities including traverses, glassware and train preparation, and
recoveries were observed. Recovery of material from the cyclones was not observed
because the auditors were not present on an inorganics test day. Some additional
calibration data not present at the site were requested.

Personnel Present During Site Visit

Name Organization Telephone

Robert Evans DOE

George Sverdrup Battelle (614) 424-5014

Paui Webb Battelle (614) 424-5014
Tow Joith Kelly Battelle (614) 424-3495

Decbbic Smith Battelle (614) 424-4114

Joe Tabor Battelle

Raj Rangaraj Battelle

Sandy Anderson Battelle (614) 424-5220

John Hilborn Ohio Edison (216) 384-5768

Mark Grunebach Chester Environmental

Timothy Cassell ABB (216) 652-4881

Jim Flanagan RTI (919) 541-6417

Lori Pearce RTI (919) 541-7182
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TABLE 1. PARAMAGNETIC OXYGEN SENSOR PEA RESULTS

8 RTI Battelle % Difference*
(Audit Standard)

| Model 570A Serial No. X-48490
Zero 0.0 02
(pure Nz)
O, (%) 9.21 9.10 -1.20
Model 580A Serial No. X-43454
Zero 0.0 0.0 -
(pure Nz)
0, (%) 9.21 9.00 -2.30

*  Acceptance limits were not provided in the QA Plan. A reasonable acceptance limit of

+ 10% was used by RTI in evaluating the PEA data.

TABLE 2. FYRITE OXYGEN ANALYZER PEA RESULTS

RTI Chester % Difference*
(Audit Standard) Environmental

Set #1 ]
Zero 0.0 0.0 e
(pure N,)
O, (%) 9.21 7.00 -24.0
Set #2
Zero 0.0 0.0 —e
(pure N»)
0, (%) 9.21 8.95 -2.82

*  Acceptance limits were not provided in the QA Plan. A reasonable acceptance limit of

+ 10% was used by RTI in evaluating the PEA data.
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TABLE 3. SNOX CEM AUDIT RESULTS

RTI ABB % Difference*
(Audit Standard)
I 0, (%) 9.21 9.02 -2.10
—5(-)2 (ppm) 1549 1555 0.40
NO, (ppm) 815 810.5 -0.55

*  Acceptance limits were not provided in the QA Plan. A reasonable acceptance limit of
1+ 10% was used by RTI in evaluating the PEA data.
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INTERNAL AUDIT REPORT
on

A STUDY OF TOXIC EMISSIONS FROM THE
NILES STATION BOILER NO. 2 AND WSA-SNOX PROCESS

INTRODUCTION

This report summarizes the audit activities conducted on-site at Ohio Edison’s Niles
Station WSA-SNOX demonstration project and at Battelle Columbus Laboratories from the
time period of July 19 through October 11, 1993. As Project Quality Assurance Officer
(QAQ), I observed field sampling and laboratory activities which were compared to
descriptions provided in the Management Plan for 'Study of Toxic Emissions from a Coal-
Fired Power Plant Demonstrating the ICCT WSA-SNOX Project and a Plant Utilizing an
ESP/Wet FGD System’ (DOE Contract DE-AC22-93PC93251) dated June 21, 1993, and the
"Final Niles QA/QC, Sampling, and Analytical Plans’, dated July 17, 1993, under the same
contract number.

During these observations, | recorded detailed notes which are summarized on the
attached Checklists including general information (date, place, time, what, who), a brief
narrative account, sample collection and related procedures, comments and recommendations.
All of the recommendations were discussed in real-time with either the Project Manager,
Assistant Project Manager, Field Sampling Manager, or Analysis Leader as soon as possible
after the observation. Corrective action was implemented in most instances before the QAO

left the inspection site or within a reasonable time length thereafter.

SUMMARY

Field and iaboratory inspections conducted during Niles Station, SNOX Process
Power Plant activities indicated that, for the most part, the QA/QC Plan of July 17 was being
followed as written, or according to formal, written deviations as described in *Technical

Note, Volume 1 of 3 - Sampling’ dated November 1993. These deviations were initiated
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either as a need for corrective action or because the technical and physical demands of field
and laboratory operations precluded adhering to the original QA/QC Plan.

On-site field observations included: sample tracking, custody, storage, and shipping
procedures; in-process sampling at Locations 20, SCR Reactor Outlet; 19, Baghouse Outlet;
and 18, Baghouse Inlet. SNOX Process sampling was observed at Locations 1 (Boiler Feed
Coal), 24 (Baghouse Ash), and 22 (Sulfuric Acid). Various sampling train recovery and
preparation procedures were also observed.

The Battelle QAQ also served as a point of contact, along with the Project Manager
and Field Sampling Manager, for RTI personnel conducting an independent field audit on
July 20-21, 1993. In the absence of the Field Sampling Manager, subsequent to the field
sampling phase, the QAO provided the following to RTI Auditor L. Pearce: type S Pitot
tubes calibration sheets dated July 13; completed Multimetals Train data sheets from
sampling Location 19 (Run N-19-MUM-722) as requested by RTI's Jim Flanagan; nozzle
calibration data forms dated 06/12/93 and 07/26/93, including one for Chester nozzle 54; and
continuous instrument calibration data forms for Servomex 580A instrument (dated 07/24/93)
and Servomex 570A instrument {dated 07/20/93). These are described in a letter to Ms.
Pearce dated August 9, 1993.

Laboratory observations included: sample receipt, log-in, custody, and storage
procedures; PAH/SVOC liquid samples extraction and concentration; systems audit of VOC-
Canister sample receipt and analysis; anion analysis by ion chromatography and data
tracking; PAH/SVOC liquid samples preparation; PAH/SVOC gas and liguid samples, filter
preparation; PAH analysis by GC/MS and Dioxin/Furan analysis by GC/MS.

Following is a sequential account of Niles Staticn SNOX Process audit activities, each
with a brief narrative and QAQ’s recommendations when applicable. For detailed records,
dated observations recorded on either the Field Inspection Checklist or Laboratory Inspection
Checkiist should be consulted.
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Sampling Day 02, 19 July 1993:

Observations: Process Sampling for Boiler Feed Coal at Location 1. Half-hour
process samples were collected from each of the coal feeders with a painted, metal scoop
into a cleaned coffee can and subsequently emptied into a plastic bag for compositing.
Random-sized coal pieces are left in the sample collection. Impinger and train recovery
procedures were observed for cyanide and multimetals, Location 19 baghouse outlet; and
particutate filter recovery for Location 18, baghouse inlet. Impingers and trains arrived at
the recovery sites on ice and connections were wrapped with tape when applicable. Rinsing,
container, and coilections procedures followed the QAP; Method 29 filter holder was brushed
and wiped out, and reloaded for use at the same site location. Container labels and chain-of-
custody forms were completed. Location 20, SCR reactor outlet, in-process sampling
conducted by Chester staff, was observed as well as the sample preparation trailer used by
the subcontractor team. Honzontal traverses as well as temperature and meter readings were
noted.

Recommendations: Use of a painted scoop for boiler feed coal samples was discussed
with the on-site Project Manager. Niles staff were requested to provide overnight sample
custody for collected samples and to initial the last day’s collection on the data form for
traceability. Excursion from the QAP pg. 5.2-18 description of collecting into "precleaned
glass bottles” must be addressed as a deviation. Sample custody and transfer must be
clarified for times when samples are being transferred and the designated sample custodian is
fulfilling sample collection obligations (three times daily samples for baghouse ash, Location
24). Individuals responsible for train recovery should also be clearly identified. Data sheets
from sampling locations were observed with either no clock times for start/stop or names
recorded were noted and this was discussed with the field sampling manager immediately.

Issues above were discussed during the second sampling day with Project Manager

Sverdrup and Field Sampling Manager Tom Kelly. A formalized list of deviations was to be
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initiated and will be updated as needed, to describe departures from the QAP and the impact
of the changes on the study.

Response: The deficiencies in documentation of data sheets, sample recovery, and
sample custody were addressed immediately following the QAO’s comments by directions
and reminders to the pertinent staff in the field. The coal collection device caused no
contamination of the coal samples, due to the large sample size collected and the lack of
damage to the device itself. Use of plastic bottles has been noted as a deviation from plan in
the Draft Final Reports on the Niles sampling.

Canceled Sampling Day, 20 July 1993:

Observations: Process sampling from baghouse ash Location 24 was observed early
in the day. However, because of sampling program cancellation due to plant problems, this
was the only process sample collected on this day. Time was dedicated to the accommoda-
tion of the RTI performance audit activities. This included oxygen meter checks with
standard cylinders provided by RTI; spiking of XAD-2 traps and filters; initiation of dry gas
meter audits for Locations 18 and 19, using an EPA standard orifice supplied by RT1. A
detailed examination of the sample processing, custody, and shipping procedures was
conducted by the Battelle QAO.

Recommendations: There was no standard calibration form available on site for
either Battelle or the subcontractor on which to record results of the RTI audit. Discussed
data entry correction procedure with the Field Sampling Manager to eliminate obliterations of
corrected values on sampling data forms. Situation was discussed with the custodian and
train recovery leader in which filters prepped after recovery late on 07/19 were properly
stored and labelled but were not logged onto the chain-of-custody form by mid-day of
July 20.

Response: Further discussions were held with field staff responsible for the sample
documentation and custody. The minor lapses still found in these areas were due to the

conditions of field work and the large numbers of samples being logged in.
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Sampling Day 03. 21 July 1993:

Observations: RTI staff continued the conduct of their performance audit. The
Battelle QAQ reviewed sample packaging and shipping procedures. "Cold" samples such as
impinger solutions, XAD-2 traps, VOCS and SVOCs are shipped out daily on ice via
courier. Process coal and preserved samples are shipped back to labs at the conclusion of
sampling. VOC SUMMA canisters are shipped out within 24 hours of collection. All
sample container labels are covered with clear tape, the containers wrapped in bubble wrap
and double plastic bags for shipment. Receipt and temporary storage of Chester VOST tubes
were observed. Baghouse inlet sampling at Location 18 was initiated with a dry gas meter
calibration ongoing while the sampling team was setting the probe in place for the first of 22
vertical traverse sampling points. The second sampler was setting up for a horizontal
traverse. Baghouse outlet sampling at Location 19 included setting up of the Nutech Stack
Sampler, a critical orifice check and set up of the aldehyde impinger on the lower platform.
The vertical traverse probe was afready set up for the first sampling point. Transfer of
SUMMA canisters to Locations 18 and 19 with chain-of-custody forms and cross check of
canister identification tags were noted (88-044, 89-003, 88-033). Sulfuric acid sampling at
Location 22 by ABB staff was observed from the tank under the SNOX tower. The sample
was collected into a precleaned and labelled amber glass bottle and constituted the daily
sample. RTI's spiking of two aldehyde trains was noted.

Recommendations: There were no additional recommendations for sampling day 03
observations.

A verbal debriefing was conducted by RTI and included the following highlights:
Battelle is using bottled DI water that does not meet method requirements for ASTM Type 11
water. Even though blanks are run, consideration should be given to using bottled ASTM
water. There is concern over use of a painted metal scoop for the coal feeder Location 1
process samples. The oxygen analogue meter was noted to be out of specified calibration
ranges. There are differences in the aldehyde train connections: Battelie uses dry
connections and a different sized impingers than Chester, which uses Teflon tape on ground

glass joint connections. Fyrite tubes Chester is using must have a once/day standards check
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for accuracy.  Additional minor points included whether quartz or glass filters were used
for dioxin sample coliection since the QA Plan didn’t specify, and a question as to how glass
end caps for sampling trains were stored during sampling,

Response: Most of the items noted in the RTI debriefing have been addressed in the
Draft Final Reports on the sampling studies conducted at the Niles-SNOX and Niles Boiler
No. 2. In both reports, responses to the RTI comments are presented in Appendix B:
Auditing. Quartz fiber filters were used for all sampling. Glass end caps were covered in
aluminum foil or kept in plastic bags during sampling.

Sample Receipt and Log-in. July 29, 1993

Observations: Samples for N 52 MUM 727, N 4 MM5 728, N I3 PRL, and N 8
PRS samples were tracked from evening delivery to the Battelle lobby, transfer by the
Laboratory Sample Custodian to the receipt and log-in area, to final storage locations prior to
preparation and analysis. Three coolers and seven boxes of liquid, solid, and filter samples
were cross-checked between container label information and completed chain-of-custody
forms prior to being logged into the custodian’s record book.

Recommendations: Several discrepancies from the sampling aspects of the QA/QC
Plan were noted and discussed with the Custodian and the Field Sampling Manager. Certain
of these are to be addressed as deviations to the QA/QC Plan; others for which subsequent
data were completed to assure traceability of samples and completeness of the sampling
record, should be addressed for future studies by more vigorous training of field staff prior
to departure for the sampling site. QAP pg. 5.2-22 specifies 4-liter botties for collection of
samples from Locations 9, 10, and 13. 500-ml amber glass bottles of samples were received
from these sites. Location 9 'river water’ is referenced as 'makeup water' in the QAP.
Sequential samples for N 13 PRL 729 and others were noted with identical labels for all four
containers. Subset identifiers should be added for traceability for this type of replicate
sampling, which is not spelled out in the QAP. Discrepancies in sampling times between the
container labels and completed chain-of-custody forms varied from a few minutes to an hour.

Certain sampling team members used only their first names on forms and labels. The
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Laboratory Sampie Custodian documented labelling and sample container discrepancies on
both the custody form and the sample record logbook.

Response: As noted, some discrepancies were observed in documentation of samples.
However, all such discrepancies were resolved in the chain-of-custody review process prior
to sample analysis, and all samples were identified and accounted for. Improvements in the
sample numbering scheme will be made in any future work. The collection of liquid samples

is noted as a deviation from plan in the Draft Final Reports on the Niles sampling efforts.

Observations: Method 3510 was followed for extraction, pH adjustment, spiking, and
concentration. Spiking and surrogate solutions are traceable to neat stocks. Samples were
labelled properly through the 2-day process and custody procedures observed through final
transfer to the analyst. N 9 PRL 730 samples for pond water, river water, trip, and field
blanks were tracked for this observation.

Recommendations: There were no recommendations for these observations.

VOC-Canister GC/MSD Analvsi

Observations: A system audit was conducted of VOC-canister analysis, from transfer
to the analyst by the Lab Sample Custodian, instrument calibration with a 42-component
NIST-traceable standard, sample analysis, data acquisition and review, and transfer to
canisters for recleaning. VOC canisters are shipped within 24 hours of field collection and
the analysis is initiated the next moming after sample receipt to maintain the holding time
limitation of 2 days.

Recommendations: Clarification of using a 42-component, rather than the QAP p.
4.1-14 ’containing the 41 target compounds’ should be added to the study record. This is not
technically a deviation, however.

Response: The cylinder used for calibration contained 42 compounds; however, for
this study, only 41 compounds were targeted for analysis.
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lon Chromatography Analysis, 11 August 1993:

Observations: Process water samples from 728 are received in 40-ml amber vials and
the labels checked to the chain-of-custody form copy. Twofold dilutions of samples are
made using a calibrated autopipettor. Standard, calibration, and spiking solutions are
traceable to a separate logbook. EPA Method 300.0, December 1989, is used as a guideline.
EPA PE Standard WP029 is used as an accuracy check solution for Dionex instrumentation.
Sample custody is documented from receipt through analysis. The analyst reviews generated
data and sets up a data file for each set of samples that includes: Final Anion Report,
Summary Report, Calibration P}ots, Duplicate and Spike Data, Standards Prep Data,
Analysis Conditions and Chromatograms.

Recommendations: Minor clerical traceability issues were discussed with the analyst.
Reference to the specific method guidelines used and brief description of the sample
preparations should be added to the study record book.

Response: Reference to specific method guidelines and a description of the sampie
preparation procedure were added to the study record book.

PAH/SVOC Gas and Liquid Filter Preparation. 20 August 1993:

Observations: N F 730 samples for Locations 5a, 5b, and 4 were observed from
initial custody transfer, through column chromatography, extraction, spiking with internal
standard, concentration, and storage until analysis. Chromatographic reagent preparation and
glassware preparation were discussed with the analyst. Sample labels reflect identity
throughout the process and tracking documentation is also described in the study record
book.

Recommendations: Calibration of the storage refrigeration unit thermometer was
suggested, as well as a lock on the freezer where sample extracts are stored. The latter
suggestion was implemented within the next day or two and alleviated the problem of
unassured sample custody after working hours caused by a faulty door lock in the laboratory
area.

Response: The storage refrigeration unit thermometer was calibrated as suggested.
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PAH Analysis by GC/MS. 20 August 1993

Observations: Tuning, calibration, and analysis of the first sample extract was
observed. A Battelle Facility SOP describes the analysis using the Finnegan MAT TSQ
GC/MS. The instrument logbook records the sample ID, file ID, and laboratory record book
reference number. Freezer for instrument standards is monitored. Sample analysis flow
begins with an instrument tuning run, standard, standard, sample, sample, sample, standard
at end of the run. The Lab Analysis Manager determines when corrective action s needed
and also performs the action. Third party review of data and spreadsheet is performed
before transfer of data for reporting.

Recommendations; No recommendations were made for this observation.

Observations: Samples are stored in a monitored freezer from transfer through
analysis. MMS5 Site 5a filter was tracked as a filter extract from the prep logbook to the
Mass Spec logbook. Sample custody and transfer is also documented in the Dioxin Lab
sample logbook. Five point recalibration is performed initially for the dioxin analysis, with
continuing calibrations being performed at periodic intervals. Calibration standards are made
up by the Standards Custodian from commercially available standards, as are window mix
and column performance checks. The MS logbook documents operating parameters, as well
as file ID, Lab ID, sample ID for cross reference, injection volume and clock time of
injection. Instrument used is VG Analytical HP5890A GC, and 11-250] computer which was
last validated on 07/07/93, according to the facility SOP. Sample analysis flow begins with
performance checks, calibration, decane blank, sampies (including QC), and calibration point
at the end of the run.

Recommendations: No recommendations were made for this observation.
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C-1, Introdyction

The purpose of this Appendix is to summarize important aspects of the field
sampling effort at Niles Station that may not be adequately covered eisewhere. The actual
schedules and sample recoveries achieved in the field are described in sections 1 through 3 of
this report. This Appendix provides further detail on the procedures used in sampling,
recovering, and storing samples from flue gas, solid, and liquid streams. This information is

intended to supplement that provided in the QAPP for this project.

The sampling conducted at Niles Station required a variety of chemical reagents and
sampling materials, which were prepared or provided either by Battelle or by Battelle’s
subcontractors. All of the chemical reagents needed for flue gas sampling and sample
treatment were prepared by Battelle, and distributed to Chester Environmental sampling
personnel as needed. The purpose of this approach was to minimize sampling variance by
using reagents from a single source. The list of reagents included acidified peroxide and
permanganate for the Multi-Metals trains, carbonate/bicarbonate solution for the anion trains
{Method 26A), 0.1 N H,SO, for ammonia collection, 0.1 M NaOH for cyanide collection,
and acidified 2,4-dinitrophenylhydrazine (DNPH) for aldehyde collection. These reagents
were made up on-site from high purity starting materials, including deionized water, or were
prepared from concentrated stock solutions brought from Battelle, when reagent stability
made that approach appropriate. All reagent solutions were made up fresh on the day of
sampling and distributed to Chester personnel.

Various rinse solutions were also brought to the site or made up by Battelle, for use
in recovering samples from the various trains. Those brought to the site were deionized
water, acetone, acetonitrile, and 50/50 methanol/methylene chloride. Rinse solutions made
up at the site were 0.1 N HNO, and 8 N HCl. These solutions were supplied to Chester
staff as needed.



Sampling materials were provided both by Battelle and by subcontractors. Materials
provided by Battelle were Summa polished sampling canisters for VOC'’s, filters for all flue
gas sampling runs except the HEST, and cleaned XAD resin for all SVOC sampling by
Modified Method 5. The XAD was obtained and cleaned by Battelle, and was used to fill
sampling glassware of different designs for Battelle and Chester. The filters provided by
Battelle included 87 mm diameter for Battelle’s flue gas sampling, 104 mm diameter for
Chester’s hot flue gas sampling, and 203 mm x 254 mm (8 in. x 10 in.) for Chester’s PSDS
sampling. All these filters were high purity quartz fiber. Filters used for SVOC sampling
were muffled and stored in muffled aluminum foil before use. Filters used for Multi-Metals
and particulate mass measurements were weighed under constant conditions before shipment
to the field. Battelle also supplied pre-cleaned containers for most of the flue gas and
solid/liquid samples.

Other sampling materials were supplied by subcontractors. Chester supplied pre-
cleaned VOST traps for use by both Chester and Battelle, and provided HEST carbon-
impregnated filters and associated quartz particulate pre-filters for both groups. Chester
provided cascade impactors and the necessary stage components for particle size
determinations at Locations 5a and 5b. Zande Labs provided pre-cleaned 40-ml vials for
headspace-free collection of liquid samples for VOC analysis.

C-3. Sample Preparation

The Battelle and Chester field sampling teams prepared their own respective
sampling trains using the reagents and materials described above, Within each of the Battelle
and Chester field teams, a single staff member was designated the Sample Recovery Leader.
That person, and only that person, directed and approved the preparation and recovery of
sampling trains. Each group used their own laboratory facilities on-site, as described below:

¢ Battelle’s field laboratory is a 40-foot air conditioned semi-trailer equipped with

a side entrance door and an electrically operated platform lift at the rear double
doors. The trailer accepts 100 A of 125 V/250 V AC power by hardwiring to a
transformer or switch box. This trailer served as the primary contact point for

Battelle and Chester staff, and was used for meetings among project personnel
to review the previous day’s activities and plan for the current day. Such

C-2



meetings were especially necessary on the 6 sampling days, but were useful in
the setup and shutdown phases of the field effort.

s Two 28-foot rental trucks equipped with side entrances were used by Battelle

' staff for preparation of flue gas sampling equipment and for recovery of some
samples. The two trucks were equipped with tables, storage areas, and a desk
for equipment setup, and sample recovery. One of these trucks was used as the
sample recovery area for aldehyde samples gnly. This arrangement minimized
contamination of aldehyde samples by acetone used in other activities.

»  Chester Environmental’s field laboratory was a laboratory trailer approximately

15 feet long, and equipped with lights, air conditioning, storage, and work

areas. The laboratory trailer was used by Chester for preparation of sampling

equipment, cleanup, sample recovery, and sample documentation tasks.

The facilities described above were positioned close to one another near the
stack and the SNOX demonstration project at Niles Station, That location was roughly
centrally located among the various flue gas and process sampling locations. In addition,
two commercial compressed gas tube trailers were positioned near the base of the Boiler
No. 2 stack. Those trailers were obtained by Chester, and supplied the N, and O, needed as
diluent gas in the plume dilution sampling at the stack.

Written procedures for reagent and train preparation were provided to field staff,
and were posted in the train preparation areas of the Field Facilities. Copies of those
documents, which included sample recovery as well as preparation procedures, are included
at the end of this Appendix. All sampling reagents and trains were prepared under the
direction of the Sample Recovery Leader. Every flue gas sampling train was accompanied
by a chain-of-custody form specific for that sample and sampling location, from the moment
the train was assembled. That custody form remained with the train throughout sampling,
and was returned to the field laboratory with the train once sampling was completed. That

same form was then used during sample recovery and documentation procedures.
C-4, Sampling Methods

Table C-1 presents a summary of the chemicals measured, the type of samples in
which each chemical was measured, and the sampling methods used for each.
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The sampling methods used were detailed in the QAPP for this study. Brief

descriptions of the sampling methods are as follows:

USEPA Method 29 (Draft June, 1992) - Muitiple Metals. Method 29 is designed
to determine emissions of metals from stationary sources. In Method 29, flue gas is
withdrawn isokinetically from the source, with particulate emissions collected on a heated
quartz filter and gaseous emissions collected in a series of chilled impingers. The series of
impinger consists of two impingers containing a solution of dilute nitric acid and hydrogen
peroxide, and two impingers containing a solution of dilute potassium permanganate and
sulfuric acid.

A series of two glass cyclones preceded the pre-weighed quartz filter at the ESP
inlet to provide size cuts of > 10 um, 5-10 um, and < 5 um in the collected particulate
matter. These cyclones were located in the heated sampler box along with the particulate
filter. Thus the 10 um and 5 um cyclones replaced the single 10 gm cyclone normally used
in the Method 5 type train.

Method 29 sampling at the ESP inlet was modified to include the use of a flexible,
heated, Teflon sample line connecting the probe to the heated cyclones and filter. The
flexible heated line, which allowed the vertical sampling required at that location, was made
of 1/2 in. diameter, thick-walled, Teflon tubing and contained a temperature monitor. An
empty impinger was used in the train for condensate drop-out.

EPA Method 26A - Particulate Matter. Hydrogen Chloride, Hydroger
Fluoride. Sampling was conducted along the general procedures of EPA Method 26A,
with adaptations to the guidelines of California Air Resources Board (CARB) Method 421 in
the collection solution employed. Method 26A is designed to determine particulate matter,
and hydrogen halides in the absence of other chloride-containing volatile species. It is
suitable for combustion sources where the primary source of chloride is the dissociation of
chlorinated organic compounds. In the present study this method was be used to determine
HF/HCI and their corresponding particulate anions, as well as particulate SO,~ and PO,>".
A sample of flue gas is withdrawn isokinetically from the source, with particulate

emissions collected on a heated filter and gaseous emissions collected in a series of chilled
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impingers containing a solution of sodium carbonate (1.8 mM) and sodium bicarbonate (1.7
mM). The method was used in this study in a single-point, nontraversing mode. The use of
carbonate/bicarbonate solution as the collecting medium for HC! and HF followed the
guidelines of CARB 421. The solution was prepared by a 1:1000 dilution of stock solution
in the field. The same solution was used for rinsing of the probe and filter holder after
sample collection. An empty impinger was used at the front of the chilled impinger train to
collect condensed water from the stream. The collected condensate was saved as a sample

fraction for chemical analysis.

SEPA Method Semivolatile Organi is. Method 23 is designed to
determine specifically dioxins and furans. In this study, Method 23 was adapted, according
to Modified Method § guidelines, to measure polycyclic aromatic hydrocarbons (PAH).

Thus Method 23 as referred to in this document is a modified method for measurement of the
following types of chemicals, which collectively are called semi-volatile organic compounds
(SVOC):

* Polycyclic Aromatic Hydrocarbons (PAH)

¢ Polychlorinated Dibenzo-p-dioxins and Polychlorinated Dibenzofurans
(dioxins/furans).

In addition, whole air samples were collected from the Method 23 train in SUMMA
polished canisters, to determine volatile organic compounds (VOC). Samples for VOC were
taken with both SUMMA canisters and VOST (volatile organics sampling train) for
comparison of the two methods.

Giass cyciones were used in the Method 23 train as described above for the Muiti-
Metals train. At the ESP inlets the method employed a flexible heated Teflon sample line
connecting the probe to the heated filter. The flexible heated line, which allowed the vertical
sampling required at this location, was made of 1/2 in., thick-walled, Teflon tubing and
contained a temperature monitor.

The SUMMA samples were taken directly into evacuated stainless steel canisters.
The samples were taken from a tee in the Method 23 train between the condenser and the
XAD-2 cartridge for the Chester samples, and were taken from a tee upstream of the integral
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condenser/XAD unit in the Battelle train. Each canister was equipped with a manual valve
to maintain vacuum until sampling is initiated. A flow orifice was sized and installed in the
sampling line (Teflon) between the tee and the canister valve, to provide a time integrated
sample. The orifice was sized to allow the canister to fill over a one-half hour period. The
Chester tee fitting was designed so that water condensing in the main air flow to the XAD-2
cartridge was separated by gravity from the small air flow (approximately 200 ¢m3/min)
flowing to the canister. This arrangement prevented water from clogging the flow orifice in
the canister line, In the Battelle train, a glass midget impinger containing hydrogen peroxide
solution was placed in an ice bath, and served to condense out moisture and remove SO, in
the flow line upstream of the orifice. Each canister connection had a compound
pressure/vacuum gauge attached. This gauge was used to measure the initial canister
vacuum, monitor canister pressure during sampling, and record the final canister pressure
after sampling. Three canister samples were taken (approximately simultaneously with three
VOST samples) on each organic sampling day.

VOST. VOST samples for volatile organic analysis were taken with a Graseby-
Nutech 280 Volatile Organics Sampling Train (VOST), or equivalent. Sampling was
conducted consistent with the procedures of SW-846 Method 0030 which provides for the
collection of volatile organic compounds by adsorption onto Tenax and Tenax/charcoal
sorbents, and with the guidelines stated in the VOST manual (Graseby-Nutech, Durham,
NC). The standard VOST consists of a glass-lined probe followed by an isolation valve, a
water-cooled glass condenser, a sorbent cartridge containing Tenax (1.6 g), an empty
impinger for condensate removal, a second water-cooled glass condenser, a second sorbent
cartridge containing Tenax and petroleum-based charcoal (3:1 by volume; approximately 1 g
of each), a silica gel drying tube, a calibrated rotameter, a sampling pump, and a dry gas
meter. The gas pressure during sampling and for leak-checking was monitored by pressure
gauges which are in line and downstream of the silica gel drying tube. In this study, the
Tenax/charcoal sorbent traps were augmented with a combination of modern carbon-based
sorbent materials (Carbosieve, Supelco, Inc.). This approach enhanced collection and

recovery of a variety of volatile organics from the flue gas streams.
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Each VOST run consisted of three samples, each of which comprised a pair of traps
in the VOST system. The three samples were taken over periods of 5, 10, and 30 minutes,
at a flow rate of 0.5 L/min. Each VOST sample was run during the same time period as the
SUMMA canister samples collected from the Method 23 train.

Impinger Sampling. Sampling for gaseous aldehydes, cyanide, and ammonia was
conducted using a series of impingers downstream of a Method 26A type train operating at a
single point (i.e., nontraversing) in the flue gas flow, The front half of the train consisted of
a glass nozzle, glass heated probe, and a heated quartz fiber filter. The back half of the train
was a separate set of impingers prepared for each of the analytes listed above, and changed
out sequentially over the course of each sampling day at intervals corresponding to the
appropriate sampling times.

The aldehyde samples were taken after the general provisions of EPA Methods 0011
and TO-5 and APHA Method 122 (Aldehydes in Ambient Air and Source Emissions). The
sample were collected nonisokinetically, and the filter was not analyzed for aldehydes. The
first impinger was an empty condensate collector, and the next two impingers contained an
acidic 2,4-dinitrophenylhydrazine (DNPH) solution in which aldehydes in the sample are
converted to form stable DNPH derivatives. These were followed by a silica gel impinger
and a pump and metering box. The aldehyde samples were run for 1 hour at a flow rate of
1.0 L/min,

The sampling train used for ammonia and cyanide contained a filter to collect
material for radionuclide and residual carbon analysis. Sampling was isokinetic at a single
. point. The cyanide samples were taken after the general provisions of APHA Method 808
(Determination of Cyanide in Air) with an impinger train, as those described above, but
containing a dilute sodium hydroxide solution to collect gaseous cyanide and retain it in ionic
form. The sampling time was about 1 hour.

The ammonia sample was also taken with an impinger train after the provisions of
APHA Method 401. The train was similar to those described above, but contained a dilute
sulfuric acid solution. Ammonia in the sample gas is converted and retained in the impinger
solution as ammonium sulfate. The sampling time was about one-half hour.



The need for analysis of the filter in Method 26A for F- and Cl" dictated a large
sample flow for that method. Replacing impingers for HF and HCl with those for ammonia,
and cyanide readily adapted Method 26A to sampling those constituents as well, but required
use of standard glassware and reagent volumes. Consequently, sampling for gaseous
ammonia and cyanide employed full-size Method 5 glassware, with sample flow rates of 10-
15 L/min. A single particulate filter was used throughout the sampling of ammonia and
cyanide in sequence, to maximize the particulate sample collected for radionuclide and

residual carbon analysis.

HEST. The Hazardous Element Sampling Train (HEST) was used to determine
volatile elements at the flue gas sampling locations. The HEST sampler consists of a filter
pack with a stainless steel support screen, and three 47-mm filters. The air flow entering the
HEST sampler first encountered a quartz filter for particle collection, followed by two
charcoal impregnated filters for collection of volatile elements (arsenic, mercury, seienium).
The first impregnated filter is for collection of the volatile elements, and the second allows
checking for breakthrough. Because only volatile elements are of interest, the HEST was

used for nonisokinetic, single point sampling.

Particle Size Deterpipation. Pilat Mark III Source Test cascade impactors were
used to determine particle size distributions in both hot and dilute sampling at the ESP outlet,
i.e., at Locations 5a and 5b in the stack. The impactors had an inlet, seven impactor stages,
and a back-up filter. All impaction stages and the filter were glass fiber mat. The impactor
performs aerodynamic sizing by routing the sample through a series of bends of increasing
sharpness and jets of diminishing diameter. As the gas passes through the impactor jets,
aerosol particles, which due to inertia cannot foliow the gas flow stream, land on glass fiber
filters attached to back-up plates. The smaller particles remain in the gas stream, continuing
on to the next stage. With each successive stage, the mean diameter of the particles
decreases down to the final back-up filter, which screens out all remaining particulate. The
actual aerodynamic cut size per stage depends on the velocities of the gas through the

impactor.
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Cascade impactors were used at the ESP outlet at Niles Boiler No. 2, in both hot
and dilute sampling modes.
A summary of the testing methodology follows:

1. Isokinetic sampling rates, nozzle size and sampling times were calculated based
on preliminary velocity, temperature and moisture characteristics.

2. The units were assembled and sealed in a clean area, transported to the sampling
location, attached to the sampling probe and train, and tested for leakage at
15 in. Hg vacuum.

3. The sampling head was then pointed downstream for a minimum of 10 minutes,
to allow the assembly to warm to stack temperature. The assembly was then
turned 180 degrees to begin sampling. The sampling consisted of a single point
sample, collected isokinetically at a point of average flue velocity.

4. After the sample was collected, the sampling head was removed from the stack,
disconnected from the sampling probe, sealed and transported to a clean area for
disassembly and sample recovery. Collection plate filters were removed stage
by stage using tweezers and placed in separate, labelled petri dishes. The jet
stages were examined and any blocked jets cleaned.

5. The petri dishes were sealed for transport to Chester’s laboratory for gravimetric
determinations. The. sampling head was then reassembled for the next test.

Hot Versus Dilute Sampling. Sampling was conducted at the ESP outlet (Boiler
No. 2 stack) on both hot and diluted stack gases. Although the methods described above were
used in both modes of sampling, substantial differences exist in the way the sampling was
carried out. The following is a description of those sampling efforts.

The hot stack sampling was conducted using the four 3-in. ports arranged at 90
degree intervals around the circumference of the stack. Methods 29, 23, and 26A sampling
were conducted isokinetically with traversing of stack diameters conducted for Methods 29
and 23.

Other gas sampling methods (HEST, VOST, aldehydes) were operated in
nonisokinetic, single-point mode at the hot stack locations, since only volatile constituents are
of interest.

All of the dilute gas samples at the ESP outlet were taken with Chester’s plume
simulating dilution sampler (PSDS). The flue gas sample was removed from the stack
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through a single port, without traversing (traversing is prohibited by the size and
configuration of the PSDS and peripherals). After dilution, mixing and retention, particle
samples were collected onto an 8 x 10 in. quartz filter for various chemical analyses, and
into a cascade impactor for size distribution by mass. Gas phase samples were taken from a
common gas sampling manifold following the 8 x 10 in. particle filtration.

The major components of the PSDS are the inlet nozzle, transfer tube, mixing and
aging (dilution) chamber, and the various particle and gas phase sampling apparatus. All of
the wetted surfaces in the sampler are stainless steel, Teflon, or Viton.

A conventional Method 5 buttonhook sampling nozzle was installed on the transfer
tube to extract a hot flue gas sample isokinetically. The nozzle was sized on-site to match
sample flow with stack gas velocity within the targeted range of diluent gas rate (~20-25
scfm) and dilution ratio (~25-35:1).

The sample entering the inlet nozzle passed through the transfer tube and the dilution
chamber for dilution, aging, and collection, along with secondary particles formed in the
dilution process. The transfer tube was maintained at stack temperature to prevent premature
condensation. An S-type pitot tube and a thermocouple were installed on the transfer tube to
monitor stack gas velocity and temperature. The flow rate through the transfer tube was
established by the difference between the total stack pressure at the inlet nozzle and the static
pressure in the dilution chamber. This pressure difference, monitored with a Magnehelic
gauge installed between the upstream port of the pitot and the dilution chamber, is referred to
as chamber pressure. The chamber pressure-flow relationship is established by calibration of
the nozzle/transfer tube assembly as an integrated unit. The operating chamber pressure was
determined on-site using this calibration with the appropriate temperature and pressure
corrections for the actual stack conditions encountered.

The dilution chamber facilitates mixing of the flue gas with dilution gas, cooling,
and aging of this mixture to simulate the dilution processes occurring in a plume, and
distribution of the aged mixture to the various sampling devices. The chamber sections can
be configured to affect variety of dilution, aging, and sampling schemes. The chamber flows
were balanced by throttling the dilution gas (supplied under pressure) as required to establish
the operating chamber pressure (for the specified flue gas flow rate through the transfer tube)

while maintaining the necessary sampling device flow rates (withdrawn under vacuum).

C-12



The dilute gas conditions result from the mixing of the flue gas with the dilution gas,
at a dilution ratio of 25:1 or more. Accordingly, the composition of the dilution gas is of
controlling significance. The purpose of the dilution gas is to simulate atmospheric plume
cooling and condensation, while minimizing artifact formation and without adding
background contamination.

The targeted dilute sample gas conditions were near ambient temperatures and
< 30 percent relative humidity (RH), after 2 seconds residence time. These conditions were
considered appropriate to provide adequate condensation and equilibration of analyte species
and to minimize artifact formation due to acidic condensate on sample substrates. The
residence time was achieved by configuring the dilution chamber. In order to achieve the
temperature and relative humidity objectives, the dilution gas was delivered at ambient
temperature and virtually bone dry, i.e., less than 5 ppm.

A cryogenically pure mixture of 20 percent oxygen/80 percent nitrogen (by volume)
was used for the dilution gas. Because both component gases were of cryogenic origin,
maximum dryness and organic background purity were achieved. The dilution gas was
delivered pre-mixed to the test site in high volume (40,000 scf) compressed gas tube-trailers.
A delivery manifold on the trailers provided pressure regulation (50-60 psig) and activated
carbon filtration of the gas prior to delivery to the sampling location. The gas was delivered
to the sampling location through a Teflon line to a control manifold connected to the inlet of
the dilution chamber. The control manifold consists of a rate contro! valve, temperature and
pressure instrumentation, and final HEPA filtration.

The dilution sampler was operated according to Chester’s PSDS Standard Operating
Procedure, as modified to accommodate the special requirements of this project. This
document provided the calibration, calculation, and operating procedures to establish and
maintain the required balance of sample and dilution flows. The appropriate operating points
were established on-site, using a calculation spreadsheet and a portable computer. The
spreadsheet contained calibration constants for all of the appropriate dilution sampler
components (transfer tube/nozzle combinations, flow metering orifice) and accepted operator
inputs for actual ambient, stack, and sampling parameters. At start-up, initial operating
points were calculated using estimated default inputs. Over the course of each test, the
spreadsheet was updated with actual operating conditions and the appropriate operating points
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maintained. The operating parameters were manually recorded at 15-minute intervals on
special field data sheets which were designed for this project.

Particle Sampling. Dilute particle samples were collected with an 8 x 10 in. high-
purity quartz fiber filter and with a seven-stage source cascade impactor from two parallel
circuits exiting the dilution chamber,

Because of the low concentrations after dilution (<1 mg/dscm), particulate samples
were collected for as long as the dilution sampler operated on any given sampling day. This
was typically 8-10 hours, as required to complete the daily sampling schedules. Because of
the combination of low concentration and low flow rate, the cascade impactor was operated
for 2 consecutive days without changing substrates. This provided for three runs of 16 to
20-hour duration.

Gas Phase Sampling. All of the dilute gas phase samples were taken from a
common gas sampling manifold installed downstream of the 8 x 10 in. filter between the
metering orifice and the blower. Samples were taken for the same analyses as for the hot
gas phase samples, with apparatus of essentially the same description. but using only the
back-half of the respective train. The dilute sampling rates were higher than the hot
sampling rates, to maximize the volumes of stack gas available within comparable

simultaneous sampling times. Full-size impingers and metering systems were used.

Process Stream Sampling. Process samples were collected by grab sampling from
the various process locations using appropriate collection methods and containers. Since
some of the solid process samples were collected hot, the safety of the personnel coliecting
samples was of primary importance. Battelle staff called upon Niles staff for assistance as
needed in any instance where safety was a concern.

Coal samples were collected by Niles staff and composited on-site by ASTM
methods. Pre-cleaned containers of appropriate sizes and materials were used by Battelle

staff for collection of other solid samples (ESP ash, air heater ash).

C-14



Bottom ash samples were collected manuaily by grab sampling using a cleaned
scoop. The collected samples were allowed to cool in stainless steel containers before being
placed into glass containers.

Collection of liquid process samples differed from that of solid sampies in that
multiple samples of different sizes were collected in different containers for different
purposes. Aliquots of each liquid sample were collected directly into 40 mL glass vials
without headspace, for subsequent VOC analysis. In addition, separate glass bottles were
used to callect aliquots for elements, ammonia, and cyanide. Each of these aliquots was
treated appropriately for sample preservation, e.g., reduction of pH to < 2 to preserve NH,
for analysis. Finally, a large (=4 L) aliquot was collected in a glass bottle for SVOC and

anion analyses.

C-5. Sample Storage and Recovery Procedures

Flue gas sampling trains were retumed to the field laboratories after sampling for
sample recovery by the Sample Recovery Leader. Sample recovery areas were off-limits to
all but those staff involved in the actual preparation, recovery, and documentation of
samples. Sample recovery was penerally done after the completion of all sampling for the
day, and after sampling staff had left the site. This further minimized interference in the
sample recovery process. Sample recovery procedures were set out in single-sheet protocol
forms, that detailed the train preparation and sample recovery steps for each train. These
forms were distributed to sampling staff and were posted at each sample recovery area in the
field laboratories. Copies of those forms are included at the end of this Appendix.

Samples recovered typically involved several portions or fractions of various types,
or intended for various purposes. Samples were preserved and stored under conditions
appropriate for the sample type. Table C-2 summarizes the preservation and storage condi-
tions for various samples. Sample preservation consisted of adjustment of pH for liquid or
impinger samples. Most samples were refrigerated in the Battelle field facility (4 C), or
were stored at room temperature in shipping boxes ready for transfer to the analytical
laboratory. The Modified Method 5 (Method 23) particulate filters were stored on dry ice in
the field to maintain the -78 C temperature indicated.
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TABLE C-2. PRESERVATION AND STORAGE REQUIREMENTS

f w - 2
Preservadon Storsge Holding
Sample Analysis® Requirements Conditions Time
Bulk Solid Sampiecs Elements, F-C-P None Room Temperature 30 days
SVQC None Reom Temperature 30 days
U/P, RAD None Room Temperature 30 days
Liquid Samples Dissolved trace elements |HNO, to pH <2 Room Temperature 30 days
Total trace elcments HNO, to pH <2 Room Temperature 30 days
Anions None 4°C 14 days©d
vOoC rNo headspace 4°C 14 days™
SVOC None 4°C 14 days®*
CN NaOH to pH >12 4°C 14 days
NH, H,S0, o pH <2 4°C 14 days
Mcthad 29 Train |
Impinger Selutions Tracc Elements HNO, to pH <2 4°C 30 days
Particulate Filter Trace Elements lNonc Room Temperature 30 days
Method 23 Train
XAD-2 Resin SVOC, PCDD/PCDF None 4*C 28 days
Particulate Filter VOC, PCDD/PCDF None -78*C 28 days
Summa Canister vVOC Nane Raoom Temperture 2 days'®
Aldetiyde Impinger Train [Aldehydes None 4°*C 28 days
HEST Samples Hg, As, Se¢ Nonc 4°C 6 months
Ammeonia Train Impinger [Ammonia [None 4*C 14 days
Sclutions, Liguids
CN Train Impinger CN None 4*C 28 days |
|tSolutions
Method 26A Train HF, HCI None 4°C 28 days
Impinger Solutions
Method 26A Train Filter {80,, PO, =, F, CI
VOST Canridges VvOC None 4°C 14 days
L A — - — w

{a) F-C-P = Fluoride, Chloride, Phosphate

SVocC =

Semi-volatile Organics

VOC = Volatile Organics
RAD = Radionuclides

PCDD/PCDF = Polychlorinated dibenzo-p-dioxins and polychlorinated dibenzofuran.
UP = Ultimate/proximate coal analyses.

C = Carbon.
CN = Cyanide.
NH, = Ammonia.

(b} Extracted within 14 days, analysis within 40 days of extraction.

(c) Samples were returned to Battelle within 24 hours after collection in the field.

(d) Liquid samples were analyzed as soon as possible for phosphate to minimize degradation of this analyte in these samples.
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Although as Table C-2 indicates holding times for the collected samples were quite
long, in practice some samples were returned to the analytical laboratories immediately after
collection by daily express shipment from the plant site. Those samples included liquid
samples for anions, VOC, and SVOC, Summa canisters, VOST cartridges, and (when space
was available) impinger samples from flue gas trains. Other samples were returned to
Battelle with the field facilities at the end of the study. Chain-of-custody forms accompanied
all samples at all times during storage on-site at Niles, and during shipment. A Battelle staff
member was designated to serve as Chain-of-Custody officer at Battelle for samples sent
back or brought back from the field study. That staff member had complete control over
access to samples at Battelle, and distributed samples to the appropriate analytical staff only

after cross-checking of chain-of-custody forms.

C=6. Sampling OA/QC

Quality assurance activities in field sampling included collecting samples of all
reagent and rinse solutions, including deionized water, for use as reagent blanks. Method
blanks were also collected, by preparing a complete sampling train, exposing it to the normal
handling and transport procedures used before and after sampling, and recovering the train
without sampling of flue gas. This procedure exposes the train to potential sources of
background contamination as in normal sampling. In addition, specific QC procedures
specific to each of the sampling methods were used. Those specific procedures are described
briefly below:

for Velocity/V ic Flow Determination. Prior to flue gas
sampling, volumetric gas flow rate data were collected at the flue gas sampling locations,

using the procedures specified in EPA Method 2. Quality control procedures were as
follows:

*  Visually inspect the S-type pitot tube or standard pitot tube before
and after sampling.

* Leak-check both legs of the pitot tube before and after sampling.
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*  Check the number and location of the sampling traverse points
before taking measurements.

¢ Clean and check inlet tubes periodically and clear ash from impact
side of pitot tube as necessary.

jon. The moisture content of

the gas streams was determined using tim technique specified in EPA Method 4. However,
the actual moisture sampling was conducted as part of Methods 23, Method 5§, and Method
29 sampling procedures at the flue gas locations. The following internal QC checks were
performed as part of the moisture determinations:

e The volume of impinger contents was measured by weighing to the
nearest gram before and after sampling.

¢ The sampling train (including impingers) was leak-checked before
and after each run.

¢ Ice was maintained in the ice bath throughout each run.

¢ The volume of water in the collection bottle, into which water from the first
impinger was periodically drained, was measured by weighing to the nearest
gram.

ethods. The following
pretest QC checks were conducted for all flue gas sampling methods:

¢ All sampling equipment was thoroughly checked to ensure clean
and operable components.

¢ Equipment was inspected for possible damage from shipment,

¢ The oil manometer or Magnehelic gauge used to measure pressure
across the pitot tube was levelled and zeroed.

* The pitot tubes and connecting tubing were leak checked
* The temperature measurement system was visually checked for

damage and operability by measuring the ambient temperature prior
to each traverse.
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In addition to the general QC procedures listed above, QC procedures specific to
each sampling method were also incorporated into the sampling scheme. These method-
specific procedures are discussed below.

Quality Control Procedures for Method 29. EPA Method 29 was used to sample
for vapor phase and particulate elements. The following quality control procedures were

followed:

Pri 1 T

* The trains were assembled in an environment free from
uncontrolled dust,

Each sampling train was visually inspected for proper assembly.

All cleaned glassware was kept closed with tightly closed ground
glass caps or Teflon tape.

All filters were stored in a precieaned glass petri dish sealed with
Teflon tape.

Pretest calculations were performed to determine the proper
sampling nozzle size.
Prior to Testing Each Day

* The number and location of the sampling points were checked
before taking measurements.

¢ The sampling nozzle was visually inspected.
¢ Each leg of the pitot tube was leak-checked.

¢ The entire sampling train was leak-checked.

During Testing Each Day
* The roll and pitch axis of the pitot and the sampling nozzle were properly
maintained.
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¢ The train was leak-checked before and after a run, if the train was
opened for any reason, and if a filter change took place.

e Additional leak-checks were conducted if a leak exceeded 4 percent
of the sampling rate, and efforts were made to improve the leak
tightness of the train.

* The filter was maintained at the proper temperature.

e Jce was kept in the ice bath at all titnes.

* Proper readings of the dry gas meter, delta P and delta H,
temperature, and pump vacuum were made during sampling at each
traverse point. Copies of the field operator data sheets are shown
in Appendix D.

* Isokinetic sampling was maintained within about 15 percent.

® Sample train and field blanks were collected for analysis and
maintained at approximately 4°C.

After Testing Each Day

e The final meter reading was recorded.

¢ Completeness of the data sheet was checked,

* A final leak-check of the sampling train was done at the maximum
vacuum observed during the test.

¢  Each leg of pitot tubes was leak-checked.

¢ Recovered train following prescribed procedures.

e The Method 23 trains were assembled in an environment free from
uncontrolled dust.
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Each sampling train was visually inspected for proper assembly.

All quartz filters to be used were muffled and cleaned XAD was prepared.

e Openings of all cleaned glassware and prepared sorbent traps were
closed with ground glass caps or precleaned foil until train
assembly.

»

All filters were stored in a precleaned glass petri dish sealed with
Teflon tape, and enclosed in aluminum foil,

Pretest calculations were done to determine the proper sampling nozzle size.

riQr i h

» The number and location of the sampling points were checked
before taking measurements.

The sampling nozzle was visually inspected.

Each leg of the pitot tube was leak-checked.

The entire sampling train was leak-checked.

The Summa canisters were checked for proper vacuum.

During Testing Each Day
e The roll and pitch axis of the pitot and the sampling nozzle were properly
maintained.

¢ The train was leak-checked before and after the run, if the train
was opened, and if a filter change took place.

*  Additional leak-checks were conducted if the leak exceeded 4
percent of the sampling rate, and steps were taken to improve the
leak tightness of the train.

* The filter and sorbent trap were maintained at the proper
temperatures.

¢ Ice was kept in the ice bath at all times.
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»  Proper readings of the dry gas meter, delta P and delta H,
temperature, and pump vacuum were made during sampling at each
traverse point. Copies of the field data sheets are included in
Appendix D.

Isokinetic sampling was maintained within 15 percent.

Sample train and field blanks were collected for PAH and
dioxin/furan.

* Canister pressure was monitored by means of a pressure gauge throughout
fitling of the canister.

After Testing Each Day

* Final meter reading was recorded.

Completeness of data sheet was checked.

Final leak-check of sampling train at maximum vacuum during test
was done.

Final canister pressure was recorded, and the canister tightly closed.

Each leg of pitot tubes was leak-checked.

The probe rinses and remaining train were recovered following
prescribed procedures.

Nozzle and cap were reattached for next day and the train was
stored in a dry, safe place.

hA (Impinge ampling Method.

{Cvanide, Acid Gases, Aldehydes, Ammonia). Impinger-based sampling procedures were

used for sampling aldehydes and inorganic compounds. These methods were conducted at

Duali ontrol Procedures for Meth

single points in the flue gas stream, isokinetically except for the aldehyde sampling. The
following general quality control procedures applicable to all these methods were followed:
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P S £ All Test

The trains were assembled in an environment free from
uncontrolled dust.

Each sampling train was visually inspected for proper assembly.

Prior to Testing Each Day

Fresh impinger and rinse solutions were prepared.
The sampling nozzle was visually inspected.

The entire sampling train was leak-checked.

During Testing Each Day

The filter was maintained at the proper temperature.

Ice was maintained in the ice bath at all times.

Proper readings of the dry gas meter, delta P and delta H,
temperature, and pump vacuum during sampling at each traverse
point were made. Sampling data sheets for these methods are
included in Appendix D.

Sample train and field blanks were collected for analysis.

in h
Final readings were recorded.
Completeness of data sheet was checked.

Final leak-check of sampling train at maximum vacuum during test
was done.

Impinger solutions and rinses were recovered according to prescribed
procedures.
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Qualjty Control Procedures for VOST. Sampling for volatile organics was
conducted using a Volatile Organic Sampling Train (VOST). The following are key quality
control procedures followed in the field:

Pri S  All Testi
e VOST glassware was cleaned and assembled.

» The entire unit was assembled, visually inspected, leak tested, and its operation
was checked.

e All VOST traps were cleaned, sealed, and labelled.

Prior i h
* VOST sorbent traps were kept sealed and stored in a refrigerator at 4°C.

¢ The VOST unit was assembled, minimizing the amount of time that the sorbent
trap was open to air.

* A visual inspection was made and a leak test was made.

During Testing

¢ Flow rate was monitored.

e  Operation of probe heater was monitored.

¢ Flow of ice water to condenser was maintained.

*  Sampling time was watched closely, so the sampling interval was not overrun.

After Testing
¢ Final leak-check was performed.

¢ Sorbent traps were sealed immediately upon disassembly of the unit, and stored
at 4°C until shipment for analysis.

¢ The VOST was prepared for its next use.
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Quatlity Control Procedures for HEST Sampler. Volatile elements in flue gas
were determined by means of a HEST sampler, that used carbon impregnated (CI) filters for
collection of the metals. Field QC procedures for the HEST were as follows:

1or 10 All in

Lab ID numbers were recorded on the petri dishes in which the quartz and
carbon impregnated (CI) filters are supplied.

A clean table area for loading of the HEST filters was prepared.

Prior to Testing Each Day

L 4

The positions of the one quartz and two CI filters in series were recorded as
they were loaded, and recorded on the sample data sheet with the corresponding
lab ID numbers.

Both sides of each filter were examined to assure the proper side faced the air
flow.

Teflon-coated tweezers were used in loading the filters.
The HEST filter assembly was visually inspected during and after assembly.

Both ends of the assembly were sealed, and the entire assembly was then sealed
in a clean plastic bag.

Durine Test

The system was leak tested after attachment of the HEST assembly to the probe.
Condensate was not allowed to backwash into the HEST assembly.

When inserting the HEST into the duct, care was taken to avoid scraping the
head on the port.

A proper seal was confirmed between the probe and port.

Flow rate, sample time, and normal Method 5 sampling parameters were
recorded. :

C-25



After in

e When the assembly was removed from the duct, care was taken to avoid
scraping the head on the port.

Final leak test was performed.

The HEST was kept vertical while the system was disassembled.

The HEST was sealed, allowed to cool, and the entire assembly was then sealed
into a plastic bag.

Filters were kept flat with deposit side up while disassembling the HEST.

Filters were placed flat with deposit side up in labelled petri dishes.

Petri dishes were stored flat.

Probe and filter chamber were rinsed with acetone and 0.1N HNO,, and
combined washes in a labelled sample jar.

Quality Control Procedures for Particle Size Distributions. At designated
sampling locations, particle size distributions in flue gas were determined by cyclone or
impactor sampling. The cyclones were incorporated in the Method 29 and Method 23 trains
covered above, and used at Location 4. The following are QC procedures applicable to
impactor sampling, which was conducted at Locations 5a and 5b.

) S £ AIL Testi
e All impactor stage filters were preweighed.

¢ The impactors were assembled in an environment free from
uncontrolled dust.

e Each unit was visually inspected for proper assembly.
¢ Labelled petri dishes were prepared for storage of impactor after sampling.

¢  Pretest calculations were performed to determine the proper
sampling nozzle size.
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Pri Testing Each D

The sampling nozzle was visually inspected.

The entire sampling train was leak-checked.

During Testing Each D

The impactor was allowed to warm to flue gas temperature before
sampling.

Isokinetic sampling was maintained within 10 percent.

After Testing Each Day

*

Final leak-check of unit was done at maximum vacuum during test.
Impactor was recovered following prescribed procedures.

The impactor head was removed from the sampling probe, and sealed for
transport to a clean disassembly area.

Impactor filters were placed in pre-labelled dishes, and the impactor was cleaned
for the next run.

i ntrol f 1 llection. The process sampling
quality control included the following procedures:

The sampling equipment was cleaned and proper sample containers were used.
Proper scheduling of sampling times was based on consultation with Niles staff.
Immediate labelling of all samples was done at the time of collection.
Observations were recorded on preformatted data sheets.

Log-in and chain-of-custody procedures began as soon as samples were returned
to the field laboratory.
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CYCLONES FILTER
NONE
FILTER
REMOVE
AND
DISCARD

MODIFIED METHOD 0011 - FORMALDEHYDE

REAGENT PREPARATION

ACIDIFIED DNPH (DINTTRO PHENYL HYDRAZINE) REAGENT
EMPTY PREWEIGHED ALIQUOT OF PURIFIED DNPH
INTO 1000ML BOTTLE OF ACETONITILE. ADD 0.200 ML CONC. M2504
STORE UNUSED PORTION AT 4C UNTIL NEEDED

IMPINGER ASSEMBLY

(NOTE - THIS METHOD USES MINI IMPINGERS)

IMPINGER #1 IMPINGER #2 & #2
DIHZO TO 20ML ACIDIFIED
COVER INLET TUBE DNPH REAGENT
WEIGH AND RECORD WEIGH AND RECORD
SAMPLE RECOVERY
IMPINGER #1 IMPINGER #2 & #3
WEIGH AND RECORD WEIGH AND RECORD
POUR INTO POUR INTO ONE
SAMPLE BOTTLE SAMPLE BOTTLE
RINSE WITH Oi H20 RINSE WITH ACN
AND ADD TO SAMPLE {ACETONITRILE)

AND ADD TO SAMPLE
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IMPINGER #4

SILICA GEL,

3-8 MESH,
INDICATING

WEIGH AND RECORD

IMPINGER #4

WEIGH AND RECORD
DISCARD INTO
PLASTIC BAG

FOR RECYCLING
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APPENDIX D
D SAMP A

In this Appendix, copies are provided of the original field sampling data sheets and
calculation spreadsheets from the field study at Niles Boiler No. 2. These sheets show the
data recorded by the Battelle and Chester staff in conducting the flue gas measurements. The

data sheets are organized in the following order:

D-l:  Modified Method 5

D-2: Multi-Metals

D-3:  Anions Train

D-4: Ammonia Train

D-5: Cyanide Train

D-6: Aldehyde Train

D-7: VOST Train

D-8: HEST Samples

D-9: Cascade Impactors

D-10: PSDS Sampler

D-11: High-Volume Sampler (Soot Blowing)
D-12: Flue Gas Sampling Calculation Spreadsheets.

Within Sections D-1 to D-11, the data sheets are presented in order by site and date.
For example, in Section D-1, data sheets from sites 4, 5a, and 5b on July 26 are provided,
followed by those from sites 4, 5a, and 5b on July 28, etc.

Section D-12 shows the calculation results for each of the isokinetic, traversing
sampling runs at Niles Boiler No. 2. These results include primary flue gas characteristics,
as well as derived values such as isokinetic rate, flue gas volume flow rates, etc. The results
are presented for Locations 4 and 5a.
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NOMOGRAPH DATA

?MM Elusp

ot __2/26/ 23 .
SAXPLING LOCATION _ES2 An BT
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AVERAGE VELOCITY HEAD, in. Hy0 8y, | 285
RAXINUM VELOCITY HEAD, in. H,0 Somn. | [/ OO
CFACTOR 2. 90
CALCULATED NOZZLE DIAKETER, in. 0. 234 A
ACTUAL NOZZLE DIAMETER, in. o 297
REFERENCE 4p, in. Hy0 2,157
EPA (Qur) 234
¥n
Checked by:

D-4



FETRETRTYE I

sy waw

PIFY ’ | GA104 1100 3w JoA Y JUl
- t | 031331102 QIA0IY
i e WILINI
. { - m RLLIF)
Lve wilod | ' [%03 | ame | 1nawaunsvaw tvsuo .;w_u_. Yoot U ] 31531100 ¥31ve
’ v % X0 'Ry TYO  sinawnod .\%«.ﬂ o 100 139 Y38 I~ 2nnios 0IND17 40 IXNT0A
5,857 #omt Vs €'/ ggv‘.@ug IDVHIAY
; R i ! Jrsol
T2 XA ke L AU AN 1 kA XA 450 IR 145
=ZE| T o | I e %42 46 El.wa. ohe o5 37 Joe_ |¢ T 7S]
. 558 J0¢] )
i Nw_iml_qw 74 z9e. 7% 42 —oetq o170l bTe| __18F | 43T [T@ &l |
|2kl Z2FTC| F4 | #3T  3h mw A4 e OLTIOA™ 790 RERSAVAC R
T PhY 92 | IS _ﬁ_, r¥xd P4 y Y TOLT ! T80 JTE | &SP \TENAN )
|~ TH| =77 25 ﬂ:dn.w 22 84 | 3TNl [es7 | I7F | TIIC (LRl &
T G E|FUZ | 7T Vemvedl dtv Pl I8 7L 3 orv| 0T Zee|  J7E | LhT 70T &
T AH | oor gl 977 — ool | 907 | FIAY| oET| 9% ol 0% | dFT |IWTell L
I 9hV 5% |98 o657 7o7 xdi TET| 587 de2 ito Jor ThY [PTSIEl —F
Th | 55115 3 637 ] Aol | ot | IEE|38C 1g6]  Jog | AT L1309 3
7E o5/ § 1 43T | Tel | $el OeR |0 | 0ET o] 308 | bkt POWSEH| k
2 AR 2T o1 pyy v 0o | $ol | hlBI|[P0F [o0c| [bi9| hoc | 19T |WEjos| €
8| v | 64 L7 &b ol [T 3971397 ET? EoL | phr [EN/II] T
% 2¢ | 64 777 o073 (7370 d0 6lol  ter AT W/ o| T
-y c—a.ao 4 4. 31" R o wa)  [Q3MISIQ WYALIY _.ln.zl.J LG 4 Qb Rl 2 HIEWNH
Rl IR Frrc ol i o R Bt B N - e P P
N dnnd mﬁﬁwﬂ_ ¥313W SY9 ANO LY u3Lan u\s&g\
univaadway |- IUNLYYIJWIL 3VINYS YD 3010 . dod
*o 2 | i, St
. "Snssang |
TS, Q5T oM xod HaLvam ——E 7SO < X on X0 ulLIn NOILI3S §50H3
viol :
TR !\.HNWWI ONLL13S HALYIH 340¥d 4 i X0Q 3dnvs ]
1H91aM 3Y \Ill.«.w. VI "HILINYIO NIV LS = . Ay ‘oM NNY Tnyauning
:_u"un.zu_u ‘ 7 % o A . " s _|
HSYM 3804d | U314 | 31dNYS {2272 onwovis [ _
T e 030937100 aLvanoi1uva 40 fioran | FUBE ZFET ) HLoKT1 30084 ézo:xmgo o T /
ILYH LHDIFASSI0Nd T X CIMNASION GANNSSY T 27 g oy NOLYo0l L

HOLJYd4d D

s& 0
‘97

"yv y3Lan

L

J8NSSIHd OIHLINGUYE

e N FHALYMIANIL LHIGNY

Yiva a73t .

T &gl alva

LHYd

I V1IN YUY A

1avaen )@

+2v1% 40 JIEYHIHIS

14



3LV LHOI3A $33004d |||IIN_.II|

4\_&..0 HOLOY4 D

I /A T ETEL]

:\.@ FBNLYYIANIL LNZIUNY

% ‘FUNLSION QFXNSSY
A
JuNS534d 2lanodve

g3 Houvan

viva ai3l.

<% 7/ ERL

‘ﬁu — ﬂhﬁﬂﬂm LNY1d
i

FLVYINOILHVYA

1> vewning

g e dy bne i s ’ | Ud134 1100 dwi JUA IViUL
. 031237707 OINDIT
Fuassard oLuls X - | LI
oH, 550 [T 03 [%0 1700 Tawn | tnanaunsvaw tvsuo .:_w_m: vt 2 U | a31931705 B31va
SLHINMOD 8% v 7 o' v ™ xmw:uﬁm”_ GINDIT 40 ANNTOA
SELT+ AEIT VPPN yy Q&Nu? 39VYIAY
101
_JE 457 m S em ‘ 717 NWQ #Iamﬂ 7
27 7 3 : i 0 . M“ : I
S| I%T &.w e NMI d% 0 eIl [bmjogd  T]
EEZIT 737 L1 PR et lao— ot | e twtTe—or
9% VAT 72 o | Caselor|dy o CIE | TS ek G
Th | FTE [#9 437 Z 6 7 4z |07 |0LT n8io| 3IIE
oh| 8 |59 g PY £ £6 HIGEIOE T [¢o e (4% LIE
Oh| O |47 eS57 iy 4 94 EOQIE07 |97 0b'q  £EE
A2 AN K L A [2elas7 | B |69 oT¢F 5
X AR IR L) é5Z 4& Iz ¢ eesloh'e |0k k6 e £2¢ b
beleli | o2 <S8 X PA A hive loz%d {oze] |lfo] _T¥g Lhe [Fajore| £
rg,&r e | u3omdm suniviaanas A0 oMy | OF AL (0IVE30 WALINCY N vy | A Y w1 T | ey
wnova |80 ¥3I30N03 | X08 3tumvs | 137400 131 33 Sy o”?.__“....._ it 3unLTuaeal mrua.w«m»*ui onnranys | 3seaAvaL
& | ane ua_._.._n._:u_ﬂ._ 4I13¥ YD AHO LV LT . 4
; MNLYHIINIL 3UNLYY34NIL 31dWYS $YD $308V \x.mv\
o i s
T, A7 JNIL35X0A ¥ILYIH £7F0h~% ON X0 4313w NOIL 335 §5043
qviol R “F,AFF " ONLLIS ¥ILY3H 30044 FF 0N X08 31dnrs
NIYD 1HDI13M A
IO UYL | T g7 v aLanio s ‘ON RY Vnreenind _
LHOI3N TYHIS ol o : .
rovm 3eous | warwi [ 3vanvs A7 ' uatanvia 3zzon OH NIV LS _
$w ‘331331100 ALYINDILLYL 30 LHDM ﬂ 1 'HLONIT 30044 §:&<E;o U I m -

AIVLS 40 JILYNIHIS

4

D-6



s aedans\ 74 ..“ Ntﬁ.ﬁ....l_\?r\ a....%npno..:_.e!...uir Ct.....§8<
%?Nv— - - oy
%vo\, 2'Q9% . N& . \\J.rvt\v@ 0&%.. L n«.zu 280 = \v\ﬂv

a’ly AeC/ g 24 Sz \tvuﬂ. 0 P %Mu 4 ?@NV \\..NS.BV.

/A $
¥i EIL ] & | i v 2z | 25/ ] 10 p— TreeQh =AM g
R i S AN Sth = f £ T ) 9 S\0- V.\h‘ myy
%7620 o |m\\mm_ : T e A ) e A
2SOk SO ES +7 1 ~i0 Q| sopa (=) oy =)
ouRBpg .. e L] o) "oN sumlay | sammoy G NDQ | menawp
%&h\ ss¥ndu " 1alndey 275 _S/ 203HD %va1 loud WOEHD NV WALSAS
. L8 | ok {777 [a& ca-| €7-{ s8¢ Q0705 etk
Z ~otns e o [ o772/ 59 [€9 |20
¢ SZ=MHN _ ol | o3 [ S5 |2e? | <9 [€T [ 5L
T wowamg obc | o3 | 47 | LB/ ED | € | 5C
: DT [ o5 | #7927 [19° |7 |oXOF
Lic o7 | #A77 | e/ [ #& hA aT oenl| QW5

O |07 | €/7 (el [AFZ RE | @7
od2| 99| 277 | 327 [AE3 9] nEX el <t

a2 @7 | =271 k| 260[=0] 7]

[ X-X4 Y/ m.\wﬂﬂdm.u 250 )]

L@z O 9| o/ | €2/[=260| =50 ]

¥@2Z| @71 @al | Zz/| 1L’e| 160 )’ fa1%3! £'bl
wmZlor911 | L/ | o | Lo )] /

gz oo pOr ST [ 10 180] 1l

LaZ] o-9|eoV | S/7 )60 wel 7
. mn&..%\n Rzl =9 oo/ [ S [1¥T 160 VI
. . TCZ| S# 1 QL | o710 | 16V ]l
e mon S| 3 I TiE| S | Ph | ool I e | 150 | /1| £ T 0ot B

Q) 3,0,) .) @) | Gu= «,) @) .S: ‘w) | {0z =) | (0TH =) (=] (sogom)
"duoy dun) ‘dusy “dusmy »0 " ‘p.bou | Smpeay 1201y ™oy
oyt | rogry | snindw s s | PNg | waaep | smmnduws) sen =4 AP0 dv g »p Lg ouny | sesonniy |
+25] 3 'Vid HOV1S ‘ON XOfl TO¥INOD Y NOLLOTMIA LYOd

"ON ¥3.L T4 HFE'Q  NOLLOTUYOD LOLId Q7%1, 0" — TUNSSAU DILYLS YOLVYIO XOf TOYLNOD

Z ~S ON 3803d 7-1_31.YQ NOLLVIEITVD LI"O — (#r*azis) 871ZZoN p-az @125 5 ‘ON 1031084

"ON X08 G100 10’/ NOLLOTUYOD ¥ALIN © -S\WwwW ~ %~ "ON 1sal 2p'S AF - 773> LN 1531
“ON X0d 1OH 24£.5'] NOLLDIWIO0D BDLINO i LY -£aLva 1s3al W.e&\ /% 2] IN3ID

fr o ] LHHHS VLVA ONI'TJWVS JOV.LS



v s i m——— aA.ommo\.u oL QQ\N\.H.—\.\.{W&\ 4LV~ (v Ve
mzo;m»mzv .y, ) / S .0~ %0 s

$ of 10 .
» WW\ 103 &.\\Qmu =2l
3 I I ST O L] sy
T Yy LASIO-C 2T D75 1 weps
: ] sopg (up3) tnw
woning o] mag ) oN - EJIEY i NDG | meawy
sl¥ndu| " salmdusy AARD Nv31 1oL DIHD AVET WBLSAS
ot O { &7/ 7€/ €9 | £ [ S 977 %C9] 73] M
L -owis | ob¥ | ©7 %\\ Sy | BT ey | sL
CEZ =AW : ife) 977 <s/ €2 (€9 |-SC°
s He| 09 | 7 [TE7 | =9 | €77 | st-
. ode | O 7 | X7 | P57 &Y €9 |3
od o7 F7I71 7¢/ 1€ (€9 | 2£° aQ9%ls
Ll ol A77 | esy A | & o 7 K-
Zee | oL (&7 1 7¢]1A& [Rd v/
73z (oL [ X77 |of7 (A& |48 | 27
cézjo |&/7 | °</ rH o7
PE¥ 0L [ L77 | 8¢/ 5y 57
oS | L7718¥7 \& pE° < e'u
797 [L/77 |G/ Fa | 72X &7 A
SIPO7 L7 |87 | R [ p3- [ <
A N céo |07 | o7 | b2/ | B # | ©F
il 788 |07 | 77 327 | AF T »X | ©
] | TE= |09 | 9,7 [oc? | AT | RIT| @7
| v~ | %87 | AT~ GT | o A | ST/ | A8 | #4 | 9 71og7 oS pEE! )
Q.) (FWX] a.) 3) | Ou = E G | oo e | Toce = [Tozw = (7] (eyom)
‘duny “dua) “dway dany u Py ‘p.beu Sapwy nEN mod
;) xog Bl slwdug squig Y9G | weeonp iﬁi N SARO 4 ¥R wp bg wny | wommy |
2 2€) LR "Vid JDVLS — £ "ON XOd ‘JO¥INOD %N NOLLOTIIA LU0d OO b2 JuSS3ud ONLIN0NYE
"ON ¥3Llld AA°O NOLLITWNOD 10L1d ©°)= HMNSSTUd JLLVLS SIT 4OLYYIJO XO8 T04INOD
£-5 "ON 360¥d - &~ -/ A1Va NOLLYNEITYD z&) LT"0 (g'azis) 31ZZoN E £ "ON 1031034
IEWHFSZ._S AS/C -/ NOWDIMWOO ¥a1IW 727 :nﬂ% ahm n 1531
"ON X0d LOH Z £S5 7 NOILOTWIO0D 3DMN0 (W) . uv, aiva isiaL DA% IN3IND

fr° Tt LAHHS VLVd ONI'TJNVS MOVLS

D-8



vel S K 0 peen U PV AN ROy w CAQ g\ A!.-UI\F\ \¢ Grdl —_ 7 .\ \N\G e —‘— S 58‘
ngﬁm—‘v—w iy h \\Qmﬂsl 9{@ OZL] 1IN =2 = gﬂ&.@
—— A PG4 220
' ” h.\“ 702 . L, .u \\DR\Q. ]|
- - 10
< I R Bzl
. ) wopg (mp) a_. é
| e [T wrmo) N sadop | sanpog S NDA | mmeowp
aindu| nfadu| AIZHD NVl LoLd NOFHD ¥YIT WILSAS
[ LECV O [o€7 [=<7 447 [48 [/ SZ0/5/ AW AN
L-oths ALa|o T po e/ &8 {67 Y7
€ LZ "M . el O L {087 {ee7 | 64 | 64 T/
speensg e el oel s/ {6 §6 | <=/
: el o (727 |37 16 | 64 C /
X T [ T87 [es7 | s6 |27 e/ g9¥ls
RECTOC [oC/7 €7 | 41 | 05 | £7 i
Jécle o JTox/ TZel | /6 44" | T/
dér oL | T/ &2/ [t {6 z/
I [ U [0/ (8 ({4 [{3 T 7
I tc|oZ [ov7[<s7 |16 |28 | £7
Zbeloc o/ ~d7 V44" 148 | &7 2 b
i 2. 77 | €5/ o/ 1o ] | T /~
LET |\ X% | Z/7(ee7 707 s0/| 2PV
Wl ol { g77 178/ st C5 /7
W g Z4 i=X'A 7%/ [ o 26 | /7
Y44 -2 B X . rET] O
2457~ | B> | ABZ~| ahz| o & | 7 | S| RV EA7 1 @7 [ asS 875/ % res
{1.) (3.70.) [TR] [TH] LT .....v (2.) fozH =) | (ozw 'w | {ozH =) U {wgm)
“Gumy “dway “durog “dusoy "} L p.boy Tmpesy npp mog
gy | sledu; oqaad Pug | weawwp p!e&...-hatz MY ®yuo | 4v ong »p g vy | ey |
LNMNHAE ADVIS £~ "ON X0€ 10¥INOD D XS] TNOLOTMIA WM0d 0 "EZ FdnssIud onLINodve
"ON 331714 F7'0  NOLLOTWYOD 1011d P ') — FUNSSTUd JILVIS ¥OLYHIJ0 XO8 TOYLNOD
©~-S ONAHOWd  $4-2-£ 31YA NOLLYWHITYD 250 &' 3Zis) 41ZZ0N
¥4 A "ON X068 10D )572 T NOLLDTWHOD ¥ILIW
> "ONXOH 1OH “2£577 NOILDTN0D BdidNi0 | OU)

A S LAAHS VLVAd ONI'dNVS JDOVLS



~oTe ~4..H\p e .
v
~.97) = T oz N ) J'r = Wt\&u 3
o 741 = »&\Ju .N.v 05
s \ﬂ@ © P o% B =07 W\N
" ST | w5 | e, = WL dy
f 2 ] Mdv‘ o'A] mwv
- T »yy ojrg
. 1 siojeg (up3) H =)
wmnifg ] FT) oD “oN samedap | sammeoy I NDA | menowp
3wy " 1a%mdu) NI3HD NvI1 101 AITHI AVTT MILSAS
wot | oL el 1 k57 16 Vb 11 |Qhé 667] 554
L=ouis ‘ s o o7 | CF b e /77
Uz =-MN : o[ ol rer | £/ 446 46 C'l
ewenT) R |8 78/ |/ | 46 | (£ T/
: Jof |07 o7 |5/ 1&° i 7
OS] 09 |axe/| &5/ S4° ) ¢4 ot gils
QLT €& | @/ | TS | 46| 46 €/ .
ws | 0L ) <</ i 76 =7
fog et~ |eer [ hel [ 161 6 | 77 |
/P€ |oc |97 | re/ 61 64| =/
Jol ol [987 s/ | 7L 7% 77
Toc VL {2271 ec7 [ T4 L1777 ==y
o’ a i orr/ s/ 61 L& /7
Sef e o/ |es/ oL | L6 7
St VoV ot/ e/ | 16 ) 7/
~ue G o®g oL ar/| z=£/ | /&’ & 7 7
T o | 02/ o5/ 76 | 74 77
Jc\{qa.cnm. =R~ [ LB | &7 [l %‘\! A7 o= | 14 & / T YasSE/LS] | 9L &Z“m
4. 2./0.) ) (1.) H - e.. u.) {oTH ‘o) | (ozw '=w) { (otH ‘=) 0o9) =)
duray -dura} “dusy dusog : b | Py ‘p.boy | Tmpeay repy weog
mwNe) wog wy nfwnduy oqoig g | weawy .!_.aulhn.-: __Hr o | d* wrd »wp Ag ssn) x!.E
4 2 S "via Yovis e onxoslowiNgd T -LTYCJ ‘Nowomiiaiyod @O L FuNSSANd JMLINONYE
‘ON ¥3.171d 3’ 9 NOILLDFWEOD 1011d O, 0 )~ TUNSSTId JILVLS C OLV¥IJO X0d TOULNOD
— &=5% -oN38oud $4-2-£ 31vVa NOLLYYENYD 2E’'O ('3zis) 17Z0N - Q2 2205 "ON 133103
S > "ON X068 102 )S5/G 7 NOLLOTMUOD ¥ALAN D £ ~ G/ — B r!mmihrﬁugn LINA 1531
"ON X04 LOH 2 NOLLDIWYROO 30140  * 4° 5 -7 J1va 153l W. 7 IN3ITD

i e LAHHS V1Vd ONI'ITdNVS JOV.LS

D-10



- 00
[ 3 [0
L4 t0) Q f\
- "‘
: W | s
. [ _ siopg (w)2) oy =)
e [0 et i [a” | RO ON saplay | sanmog 2wy WOd CTEE 7Y
nIndu) s3¥mduy . MNOZHD NvIT Lold AITHD AVTT WALSAS
eLW ST GEIT £ 11 7 NCS
T Z ST s &1 &1 ¢ b OV 5/5]
= Z3 Sl=zd| 3¢l €T] £ T2 2T 59T
T Z5 <l ZEI 5771 5 ] SETSSN
ZS SIZel | BV 57 &1 Z XTSI
"3 ST TITEa [ ST .57 V- YL [SChi
95 Rl |l | ATl & S |STH
Z5 W] 1l ST x| C] O TR C[S/RT
pa) h| o2l el 21| T 1LY
7 R AN R Fe14537]
xS P ¥n | el T T T=o7¢ |ohel
G RIZTT Tgl o] ] O 175 7 B
LS W S ol o' o R LT |oL]
177 A e o[ o T b SOC [S7E]
20 Al G Q0 o/ o £*R5[| SVl
o[\ A % [l o] o’ SEH TS5
PO\ A1 <or s o7 0o SRELEH | ST
R — %) I =7 Lol o/ | o! —R2brl|siT/
3.) 2.0 Q.) @) | uw @) @) | otw = | (ozh =) | (otH =) (T2 )
“darag dws) dura) dum) o ) vy pou Tnpeay 2PN wiod
mosrmo?) voawy | siwduy | ogud yog | weany | smmpdes) wep HY *UL0 47 vud ~p Lg ouny | mesmansy |
"VId ¥ovis [ V704 & "ON XO8 TO¥INOD ——  NOLLOFWIG LYOd O LT minssayd ondlanouva
——_"ON 331714 5 NOLLDI¥¥0D 1041d ———_FYNSSTdd JILVLS * (1 MOLY¥IJO0 XO08 TOUINOD
—— ‘ON 38044 $4— "7 Z 31va NOLLYNartv e >a-g5N *3Z|S) 31ZZON —_"ON_1D3(0ud
"ON X048 4100 L4795 7 NOLLOTUMOD Y313 ‘ON 1531
P "ON X0d LOH [T 7] NOLDINIOD BDINO 9T-£ 31va 153l 2 IN3IND
P 7 oy

LAAHS VLVd ONITdWNVS JOVLS

D-11



~—__ 'ONX04 1l0OH

M Jo 7 oley

(z% '/ NOLLOTWIO0D 3D14IN0

TL-NT - Z #aivaisil
LA3HS V.LVA DONI'TdNVS JOV.LS

mzo,_mﬂv_/ _ 30w
- 02
‘ s 0
b 100
€ t 1 gy
] v aopg
. 1 siopy (w)3) on
snwBinNg v (] nuswo;) "oN sapelay | sahmog Y NOG | Weaep
sabnduy _ralmdwy ;D3O NV loild %I3HD NVIT WISAS
$2 T T ol [TRI] & L, LI 4
=OIH% & > B ATTTThl | Y™ 1LY J-?Mr SI%)
=N ) < [ Th | I I b 0% A S081
e, TS5 S [ ST ixl] BT k]| 5540
: £S5 S | St|eRIT G T | ./ /dAETA
A > Sl sl VT L] Q 'SUR|ISLE!
£S5 G [Tl oht [ ] kYT Ot ¢ |STE!
S STl Onl] 1| G | | RS [S/t]
> S | S ORT L G| BT -1 [£3¢]>oel
L= S | AT | VI & 3 (L2 |>=01
T Y A€ Vhi o | > | S htle | >h7
5 S A1 OR[] LTT &1 5P
S S I Lel] b’ o' Z the | S8
Z5 > Z{ [ b ] % Lo’ | LSS M
) ) £zl| bal 'l o\ “ “WE e >00)]
> N I RZ ERE A Oy LS55
hS ) S =] | £11 t'l V51| ShS
SS|l— | — | = sl 5571 271 £7] — | b g5t
Q. (2,0.) 4.) . On = 1) .) (ozH %) | (ozw =) | (ozth =) Gor (sogam)
"duay “duay t..h ...._.oh »o s - By p.be Smpway 2appy wod
oL o B piwdu) wandny I 1 o HY 0 47 wrd mp Ligy ouny I!-..|_
—— 'VId ¥IVis ujgoz X08 JO¥INOD NOLLOFMIA L1¥Od O o ¥ Funss3ud DRLINOYVE
— 'ON ¥3Ll7d NOLLDIWYHOD 10Lid HUNSSTUd DILVLS 0% (| 4OLYHIJO X08 TOULNOD
—-  'ON380¥d 2 D5- «:\ £ 31va NoLLvuany) A ¢ 1 - SWK-$ J-N@'32Z1S) 31ZZ0N ¥ <572k "ONLJ30ud
"ON X068 100 o DL " _ NOLLDTYHOD §3LaN __—rt—pr—a &~ "ON Isal 0S5 3471 q u&.n LINN 1S3L

200 GPR74 N

D-12



; 00
S o
r {02
L T 1 »yy
‘T YV g
_ 1 sopg {wp) (LT
T pomeu P norEe) o [“eanslay | sampoyg amy WOQ | mmamp
nimdu) »iadug NIIHD AVIT LOLM NIAHD AVIT WILSAS
) {
=otH%} |
=N
isanpey
\
o5 S e G b el S | Sh3]
: S — |—1 .5 T TAIT Ol Lt | - £ 5] XA
Q) 3.0, 3.) @) | Ouw @) G [ oz | oz = | (0IH W =) (soqom)
“dmay ‘dwsy “dusey ‘dum) »0 e i 4 Ao W Swpery oy mog
nmownne) xog Y ninduj oqoag g waswp é’i HY s dv ©oud wp Lg !hl‘!l:ﬂ_.t
——— _VIAXVIS g < S5l "ON XOd TOWINOD - NOLLOTMIQ 140d 0\wC_3uNSSadd ONMIINOYYE
—— _ 380SSAYd JILVISS— 4~ G HOLVYI40 XOH TONEINOD

—— 'ON 431714

—— _"ON 38044

— 'ON XO0d Q700

—— NOLLOFWYO0D 10144
TG—= " Z  31vq NOLLY¥EIVO KL~ SWMd-¥5-N —— (5'3215) 31ZZON
"ON 153t

ERNL () NOLLDTHHOD 3313

—— 'ON X0d 1OH

M._o Mloo-n_

| — S~ NOLLOTWAOD OO

/

T T-—z—Z 8lvalisiL
LAHHS YVLVd DONI'TdNVS XOVILS

g <ND¢ L "ON.LDII0Hd

AINN 1SZL
ANArD

D-13



NOMOGRAPH DATA

PLANT ‘ z. Ol
DATE 7/ 28/93 :

sANPLING LoCATION 552 A T

N-4-Mns-72¢

CALIBRATED PRESSURE DIFFERENTIAL ACROSS

ORIFICE, in. K0 sk l.&S
AVERAGE METER TEMPERATURE (AMBIENT +20°F),°F Taayg, oo
PERCENT MOISTURE IX GAS STREAM BY VOLUME Bo 7
BAROMETRIC PRESSURE AT METER, in. Hg e | 2224
STATIC PRESSURE IN STACK, in. Hg
(Pp:0.073 x STACK GAUGE PRESSURE in in. Hy0) Py

P

RATIO OF STATIC PRESSURE TO METER PRESSURE g Lo
"AVERAGE STACK TEMPERATURE, °F T | ¥/0
AVERAGE VELOCITY HEAD, in. Ho0 B0y | O 90
BAXIMUN VELOCITY HEAD, in. K0 Apgay | 120

C FACTOR 0.98
CALCULATED NOZZLE DIAMETER, in. 2,23p
ACTUAL NOZZLE DIAETER, in, 0./82
REFERENCE &p, in. Hy0 2 , / f

EPA (Du) 2M
wn
Checked

D-14

Lo R —



e b r | Udlad 1I0S 4wy iUA 1YLLR
t 031337702 001
t e (o WLLING
! N
twloal *o 1% | aws | 1u3awasnsvan Lvsuo .:.w_m.. vt ) U | qar531903 w3tva
SININWDI 13D YIS "~ .wm.wﬁﬁn_ 21017 40 AWNT0A
JOVHIAY
[ 101
1 L[ iz alien (LI |
—|vE= R4 2N N7 4 L I L AT T 90
T ] 5o 0ot 7o
H%mr — €7 A7 7% | 63 | ogtgyoT |V 5A7 N 1 (0 75 |
2 A ATV 1] L 7 WK Y | (2 AR A I S /5
£hnl| ol g7 A0 J4 2% EX TN IATIRIAL, 7 7 —o1
hh| @l 9 ..q.-.q.ﬁ I o LRI K3
| EA | OVTIEC B S9T Z 4 [ CAkIS hgo|  ogle ¢
TOh| ¥er|dy o [T M 9T | LE | ThsIdle[820] LY &0 A
W&\ﬂﬂﬂ 7ol |57 eem 9L | 42 | 495908000 ol Tek 7]
SE 7 BT g1 AE | LL | BUTTOE 0| iR ~ &
_Oh TE7 B £6 | 56 ] 234 ) I 202 | HI¢ SeGR R
i hbh| IY mL, Y2797 e 3¢ A o T 759 T0C £7¢ (@liop| ¢
YR AL &Wﬁ% g4 ¢d L3 I o(4s70 o 4 T PEer/ 3l ¢
&h ..F._mllmw £9¢ 93 93 |07 7eelFo ¥eo 92 ol ]
»tm..mmﬁ o banwiam WNLVEIIN Eren dert ) wu:ﬁ;» (13U30 WALV g av) s o uﬂ_.hs e
wory |40 v3tnaangs | xou agmvs | 23RO LW s v 0 L3N |FERLTRAANAL | WAL oitanys | assaAves
\\N dnnd ﬁ_ﬂ__:n_u% HILIW S¥D AHO LY 'ETELR oo
> FUNLYHIINIL IUNLYHIINIL 31dWYS VD mwﬂ_uﬂ_uw
hi | N g
T, Agy oML X08 BALYIH 7505 =% ON X0U 43130 HOILI35 $40HD
10l .
TR n\h&ﬂ “ONILLAS BALY3IH 3B0Yd IMJ . ON X09 31dnY$ )
14134 3V "§ M UHILIWYIG NIV LS Nc - ‘ON NNY Lureengg
AHSIIN IV % 1 ‘¥3LINYIO 312208 < QW NIV LS

HSYM 380ud

L EPNE

ERELLM

Sw "9312337110) LY INDILUYL 40 LADIN

% U "HLIHI I90Hd

LYY 1HO13N $530084

$é°0

97

4012vd 2

Pwv yztan lewl%-l FENLYEIdNIL LHIIDNY ﬁﬁ 1HYd

FIYINDT I HY 4

4 % '3HNLSI0% aImNssY

§ IHNSSIUd JIWLINOBYE

viva a3

|§W 3 HOLYHZ40
§ HOILYD0T

v h;m\%u.\N 3ive

I T LU

IVES S0 DAMYRINDS

D-15



AHSIIN JuYL

1HIIIN TYRIS

HSYM 360ud

L EJRIE F1INYS

I||§|l "Y1 'HILIANYIO NOVLS
”
g&ﬁll R FTELLIGIE R

. % °G31337707 ILYINNLYYL 0 THDIIM

31YY L1HOI134 $S300H4

4oldvd D

N7

Jﬁl v yzian

% w1 'HLONZ T 3808d

4

% ‘IUALSION Q3INNsSY

Il&lNl.&lMo! FUN$53Yd JWLINOUYG

N“W JYNLYYIINAL LHIIGN

Yiva aa3

T7LINUF=N oo

‘On X3vlS

ﬁjzo:xwao

§\a HOILYD0

.Na@\ghl 31v0

Perivni b0

| .
—e——e —

i —

I

FROLT FEVENT |

AL Sraa B R e ’ { Q3123 110D M1 I0A W IuL
¢ 031237700 AN
e I
‘wiod % [*fo3 1 ams § snawgunsvawiviyo] B & v ) |
LHDIIR 431037107 d3Lva
$iNINNOD Aw Al v 139 Y218 _...qum._uﬁun_ OINDIY 40 INNT0A
LE924L5T VGVDY Fvoco gy 20v83AY
7101
7TIL THJNE
CEI 777177 £7 2T T L | 13L|Fs9o|es 39| 85T | 7l JIhE
ah| o%l|?? &7 V4 gL | &Ll {97 0lef'a AN z ;
mw [T 77 Towgey | 2, £& mmww Lol 0 .@Wi. 9ISTe] ol
[ O FT x| 78z Ae | A& | €436V E01T s oo  hog Wjoet] &
¥oh "49L W
_ n ;@ | . . h.‘“\‘ 7/
. (A P T I T B A 1 AL AN T ! i &
3L o ET ALT Jmh XA A LA R L R 3.1 X3
728 N VA APV E YA A7 13 o0&l dko]l lorT| _P1E . G A
YAWA MY AT 214 gel | ol | bRl [o8o|®o| ko] IE 373
o'd £ £ ool | oo] KA R Y m% ; oI5t h
THEHET TN 743 Jol | sel | Al | TTO[ T 0 R bihrjord g
L SElold |98 M ALT &2 22N X Al XA LI ch'e| Tl - (HI 7
T ER oA |[&2 KIS ool | Toi | N899, 177070 ota| ol IR /AL
aty wbred 3 1. i) aorey | orea fousag waldvjeg sy tan PR ASY ok | el | gunnn
st | e ey | i | | e o | kvt | stadaw) o 2 |8,
* \\m\ dnnd ﬂaﬁqumoa ¥313W §¥YD AWO LY u3iaw s
EFLEREF P ENN FENLYyIdnal ATdWYS $¥D Mnu..._uﬂ_““..u ,
’ NQ IILHIYISG %
3uNSLINd
7 PFF QML XOU NI T EAFGRF OF K00 43130 NOILD3S 508D
iol : d :
T T, OFE T M35 HILYIH 300K 5 ON 04 31d0YS

INYd

[ ]
CAITYINAL T uw g

FIVAS 40 J1LYHIHDS

7 H

D-16



VIOOVIS  Z P OHL ‘

ﬁ»k&wﬁ
"ON ¥31714 5 el

§ “— "ON SHONd £E-To— < ¢/

/& "ON X0 4702 [27=7

7~ 'ON XOH LOH /- >ylufridiey™ |

Ao 7 oluy zes7



L8O = vy

So'l = 2\3§3< g

J— ..U o, = oL uﬁx&?ﬁ DAz Wpor)

767> _.\Mt“q:, ) 03 Qo7 w
—~— : ; o Q88 'y =2r" g
" NM\i 709 %Umv el Q) =Wl L]
€ ] 1 oYy
i 4 myy uopyg
. ' siojvg (w2} @H =
Tmaning ) oy P N saplay | sanmogd WY NDG | mewwp
»indu} sadwmduy ¥IARD HVIT L01M NIIHD WVAT WAISAS
= BT [0-s [&/77 Tee/ TET (LT Jop €l TOREEE/
05 =omis : Yo cs | L7 o7 [ S5 | ob
/ BT =AW : o | 37187 |5 =K% o
‘oG ey | g7 | e/ [ S8 | &1 a6~
e |95 i [eg/] (AL [ L] o
e A7 o7 [Zo [ L9 | ok 8-
AE S 5 |77 18T | =g | =& T7 .
JAC1 8 S ] S/CE/ NV o4 |1 of /7
rée | 5> | /it |78/ ot oL” | 77
zte 1. 5-¢ | L o<l of' | ob” /7
el SE | C/77%el ot | 0od- | 77
Lz O7 |7 [ &7 [ &% | &6 | 7 ¢4/
,6Z [O°D 27 (¥ | &4 | S6 | &7
Jde|o 7 9/1FE s |8 e/
J6Z2 | o7 |77 [€C7 { <X | & | 97
T : Je= |9 |_Z77 [VZ7 | 6 | R¢ | &7
B A , Ja4E T 5§ y 278 74 Kb’ XL T7
T T RS T B 7o (| S ST ST TE/ | g8 | 86 | T | seSYA[ 8P ¢k
4.y 1.2, @) @) | Onw 3.) @) | oznw | oz = [ (otH =) =] )]
“daroy “dua) “duioy "dumy »0 " _PY by | Smpesy 2oppy wnogd
noouNo) 109 OY nlndu) oquid g | wenmp | smmmdws) svepy HYy=yuo | av ey wp g i) | wwmansy
%07 _VId ¥OVIS FIAZ 0N XOd JOUINOD >/ _NOLLDTMIG LYOd mﬂ &2 JUNSSANd IMIINONYE
¥ "ON WAL %% "¢ NOLLDIWNOD L0Ld

£—-5  "ON3804d §6-XO-20 a1yq NOLLVYEITYD
A _ONX08Q100_ Z-79 7  NOMDAYMOD WALaW
/7 "ON XO0d 10H Z4_S/ NOILOIWHOD 3DHIH0 o)

Alo Ty JHHHS VLVd ONI'TdNVS JOV.LS

D-18



e N

“ZL Q = “{pV!

....s!:...l.U.. % QIhL="93" = 7% 97)= 2
ANOLSAIA ﬁm m‘ ) &»&W uﬂ L “\Mw.ww mz\.wn;b oVl nﬁszaug
: \uv&_u @ = MK Qn. 00 b&?ﬁ% = I OP
” b/ 100 % % M‘é@ “W—QQ\
‘€ 4 1 »yv
v T oYy aopg
. 1 wopg (upo) =
wwaninq vonw) (L] o)) ‘oN sambay | sammod I NDQ | Wy
nlndu| " 1adwdw) NIAHD AVA1 LoLd YO3HO AV MALSAS
_seEl 57 rel £ <4 €4 >¥4 ot 0L5| £Q A
7 &F —on% Pl 54 o/ 57 8] & o/
T =mAN 4P| 0T | O/ E€T [ 6L | 5L 04
isnswnsy gée| &2 Te] | R&/ [ 5¢- | ST { o
SEF O D [{ar | €6/ [ 6L | 3L | o8~
210 (s2/ |’ | €& | €48 | @/ 35
— Nwﬂ.rﬂev..g oy |<s/ % | o 77 :
15671 59 927 1€/ | =t 6 /7
269 (477 |/ |26 |céd | /7
CIr1 5 [¢/7 | €5/ “b | TH /Y
REC | 37 | 477 |es7 | zg | TE /1
HEY o) #7 125/ | eb |eb | 77 £47
- A os | &/7 [/ o/ ae /| &£/
AL x|l ol | g/7| e/ |Res[Rev | £/
Elcloa [ £// 7571ge /| &7 %/
D FeZ e [ X/ /| 78/ [=97[¢e2” =7
AT . . 2o | R7 | g/ |oe7 o7 | v/
T ot < B T 4GS Z4C| ST | 27/ | <2/ |08 7 | oo 7|oE7 |SEX/IH|EET] ) 6%
) 200} (TR} @) | Gnw @) @) | oz | oen =) | (ot ™ (=) (=pm)
“dmey ‘duna) ‘duwey dwey »0 " L 4 *p.boy Impey 2Py mod
b ot | o L ]| e Pag | weses | emmsdwe) smep BY ®yso dv wnd wp Lig ouny | seseansy
L CE7 Viddovis >P7HL __"ON XOH TO¥JNOD -
FEFFTEMATI ‘0N ¥aLlld A&°Q NOLLOTWYOO 1OLd

€25 ‘ONBEOWd £A4-Z° 22 31VQ NOLLY¥EITYD

“ h

Q ___(r'azis) 41770N

A ONX08Ql0d LS/0/

NOLLOTYYOO ¥319N

RELSWW ~ 55

"ON 1S3l >V 5 °H -

#

pio & oy

"ON X04d 10H

24 S5/ NOLLDIYHEOD 114140

ﬁ.\oﬁu €4-3C-20 aLvaisil 3TQ) LYY INAMD

LHAHS VLVd ONITINVS JOVLS

.m_ﬂ

D-19



. : et L ooy o~ = vy
mz.o_@fmzv 5 b~ N‘n.se, | 4.8 nH@w@l arl = Y],

N
W Lo = e 2 e
. or. | mb%oxx@ 32 B
; g-%7 | wo o ol = Al
€ 4 1 oyy
z nyy wopg
: ' sopg {uys) H ")
Pt o] Py = “oN “eameioy | sameog ani WD | weaep
13udw " nndui AIFHD WVAT JOLd AITHD NVTT1 NDISAS
| Uz 09 | el | FE/ [ S L |ob |07 o28[feS
57] ~oth% PP O |77 [ Ss7[ 6 [S2.- | of
/4T =mW FLE 59 1ol |51 (€& €8 | ©7
= K (T4 .52 |87 |—S€7 €8 | & <7 .
) ‘@ |87 | SCTI eX [ eF | O7 .
1423 e T BT BT U3
T OZ 1Y | 9¢7 o U7 4 4 .
SEY oL | €er |7 | o/ 077 €7
[ oL | /¥7 Lk oT | o7 | t7
Coer| OU¢- er1se’ + oY er | €7
o[ el fcer [ o7 o7 | e
(o |78/ /e’ P07 007 ¥7
£C6| OF INT T AET [ se7| oo T T
CO{ O { /e7 | p&’ [ o9 7| ac7? ¢7
TS s 8o | I=7 |37 [ee 7o/ | & 7
it 128 oL | 787 [Be/7 | o 7| oo, =
7 TSE e Y R O] (x| 02| R/ €+l |BO7 | Ao/ | € 7 [of ol Lo AT %
,) (FWEN) @) @) | Gn= (™) W | (oza = | tozw m | (ot ' =) (sogowr)
duin) -durs) “due) dwey ) L oy by Smpeoy 13mpy moy

ot xog oH 2Induy qoig Pmg | wanmp | smmndu) sy HY SO dv wrgd wp g oun) | semaml)

T2l VI ¥IVIS
PRSI0 "ON a1 lid

£-5  ON3tloud £L-EEZLS 31VA NOLLVYEITYD
A 'ONX0d G103 ~A->7¢ 7 NOLLDTWEO0D N el=— —
/7 "ON X0d 10H LS NOLLDTWEOD 314140 Wu\s € - FLYQ 1531

A0 /> 9hg LAHHS VLVA ONI'TdWNVS JOVILS

D-20



IN
[+ ]
s 0
L 00
{: 3 1 Tio0 oL |
. T gy {00 L0l [ wopg
: I sopeg ) =
s pom g o) oN oanlap | sangag oW NDA | wenwp
- olndu) odedwy AIFHO NI LoLd WDHD YVIN MALSAS
} <5 SN ETT T~=<| -2 2 Th8| Veli | |
—oth% S =t i< U°C ) REENOTIN ]
AN T5 R &I VT T-Z hTEE [T |
vwans3 S A S8l v | 12T T'RE (2011
> St sT Tz 1T S7¥69 {050
S Wil o<l = VT z '0Sg {QhU)]
— z5 2ol v T 1°¢ (TR % | 0]
LA : 5 QI VI -l VT J+ 02X [0TU
IHAES __ | | —=H
: .hn s & " ad
) 53 TN AT 1| [T [0 SIE S50
v |
! £S5/ O Al Tl IC{ ¢ Z2Ce [0S |
\ b Gl =1 o1 1zl =z | 23R
A5 g1 Oy ol vZl Rl | B J1¥]| ot
5S ~7 R 'zc! O7 \ 7 EOR|PTLY]
} o°) ] Y Ol LIl o2 Ot / ¢ "hbt.} 2'1b0
_ 1, | —1_ ol o AOI| O | O T[—I—| R NL] 00| ——
{da) {d.10.) 1) [TH) TR ) (da) {3.) oz | fozn =) | (otH W) Uw) (wom)
"dusag "dun) LT dwe) [t] | TRy p.bey . Inpwoy oW mog
b ) 0l kY 2Sndwy e e | ymg it smmnduay oo HY owup LR mp Lig oy l.!..F_
— _VIA NOVISY 0 ¢ >d "ON X0f TOUINOD —— NOLLOTWIG L¥0d b ZC FHNSSAY¥d JN1INOYYe
—— T T —— NOLLOFWNO0D 10144 —-  FYNSSTId DILVLS P " 4oLviId0 XO8 TO4LINOD
—— ____ON 3804d 24 -D-Z£ I1yQ NOLLYYEITYD ——  (0'3215) 312ZZ0N £10/)-%b ‘ON 1331034
—— "ON X08 a103 BH 1L 0 NOILOFRE0D ¥aLAW B 22 — SWIN-9S-N,_ 'ON ISEL LINQ LS31
—— "ON XOd 10H I'C2’] NOILOTWYOD FDI4140 e~ ETU-—+a1vd 1531 ) INAITD

¢ 1o | ey LIgHS V.LVA ONI'TdWVS MOVLS

D-21



gt A8 MR P 3D PV Pewarlbue bal

NZENMJ o~ 12 3OV
: 00
k] 10
r tod
c 3 ] »yy
T nyy s
. I siofag {w)o) (LT
owBIAG vy Ay smnwo) ‘°N sambay | sammog o NDA | wemwp
A n¥nday 133wdusy AIFHD WA LoLld NDAHD NVIT MALSAS
(S T al sl J¢hy JVT T ¢ S 0lITh
=0tH% S Nl AaTtiEzh] Vel vt | STZIOL 9]
=AW TS 7120 i 1°7 1@ qoh!
e 5 = (Ll (Rl \v-¢] |-T z VNG )
JS OTselTThlI [ T1-] -2 A" Thl jobel | |
23 7 TR Th | Vo] -t K S
sol \ xRt t—=< | [-< TSEhocel] |-
ST S I=T =T Tz T < anb] 0Ll ]
TS| g) | Tl m“ T TT TSR ORI |
S TT o) Ol I°¢ abhoinsU] |
1> AT i Tl I 1" ¢ opL [0RT] ]
B&2 9 ) \*Z | T s | XTI
_LIFIS 15 1B T U &l "¢ 7'¢ C£¢crLleeet 000
y'D Ao TS | ) 35 ¢ Thl or=r| QT
\ z 5] \ H| ol | XT | 1 C] 18y | [E&h [
I S ) VT 9 Wl &y ve| | [ L7Lob | o5
L eSS L1 ] oy &ET | T | T [ T [ Inl
.m.....,.— .mﬁ.wm. m....p ..m.-.— LK m._m.. .ﬂ. snuﬂe s“_rmm.vl (otn =) .._s..cn..“q " .l._....n“:
btnbunn o8 vy u.i..._. *qaig yug | waemp [ smpndwer xopy ) 47 ©ud wp kg o) | esny
T VI NOVISTL R T ok ‘oN X0d TOMINOD ——__NOLLOFNIA AN A ¥d ON1INOYVE
— 'ON Wil __— NOLLOTWYO0O 104ld —— SUNSSTUd DILVES YOLVYI40 X084 TO¥INOD
— __ON380¥d _[4-91- £  31vQ NOLLVNSIIVD — @'3zis) Nzz ¥ CUTC L oN 103104
— ONXO8QI0D _ bhH %6 D NOWOFWNOO ¥aLaw S 2t — W= -N_‘ON > LINN Is31
— "ON X0d 10H X R | NOWDTWIOD 0140 $5-3T-4Z 3ivaisal
S p g ey _

JHZHS V1VA ONI'TdWVS JOV.LS

D-22



ngﬁ.wv = kit
[s)e]
i ] (4]
‘r 02
'€ [4 ] »yy
. z ayy B sopg
. [l sioprg (w)3) TRC ]
swniRg o] ™ag namo) "oN sy | sameod g NDQ | wnesep
»inday saledu N2IHD WVE1 L0LM NIFHD NYT1 WHISAS
{
=0tH% , \ \
=-MH \
sNNEny
]
[ 3 | OhY
I \ , q |2l | rRl | VT | IT 7 7300t/
S = [ZECI{ A Vo] VG < HEQ [OCS]
5 | < | BT (€] \T L o) [T
35 - |acl | <Rl | e ] | +. 192 )2
/ ) Zy a0 | shl| v VZ ) | 550 Q5]
/ 23 / / Nl nc) | Lhi] VT \-T / T ¢ hO| 9A0
- <% |[—LY—[—= ) au [ %r | I*T g i v e O OSh]]
4.) 3.n,) @) @) | ww 3.) Q) | otnw | o= | (otn'= ) {rorow)
-dussy “dway duse ] “dusm) »o ” L i p.boy Snpeoy 22wy wod
nmune) 100 BN whndw) sqo1d pug | waewy | smmndusy swen HY sHuO dvwed | wplg owny | suesnsy |
— YIG ADVIST =T+ T *<d ‘ON XOd TO¥INOD —— _ NOLLOFMIA LM0d L E T TdNSsayd Orylinouvd
— ON ¥3.1T1d -— NOLLIYI0D 10L1d - ZWNSSTUd JILVIS T2 "UyoLyuado Xod JOUINOD
—_ "ON 38044 L -9 - £ 31¥Q NOLLY¥EITVD — (#'3718) 31ZZON TV T-SL "ON 10310ud

—_ _"ON X04 410D

NOLLOTHYOD ¥HLIN

X i —-SU -9

-N _‘ON 1531

—— 'ON X08 1OH

- L

W. jo M oing

. T3 | NOLLTWHOD A0
LIdHS VLVAd DNI'ITdNVS JDVILS |

(L-R -4 3lvaisiy

S NN 1S3t

IN3ID

D-23



-~

NOMOGRAPH DATA

oot b Bhor . Obuy Cibsry
oaTE__2/30/93

SamPLING LocATIioN _BSP tu 2l
N~tf~ MHE = 730

CALIBRATED PRESSURE DIFFERENTIAL ACROSS )
ORIFICE, in. Hy0 Aty 173

AVERAGE METER TEMPERATURE (AMBIENT + 20°F), °F To oy, Qo
PERCENT MOISTURE IN GAS STREAM BY YOLUME Byo 7
BAROMETRIC PRESSURE AT METER, In. Hg P |aT\
STATIC PRESSURE IN STACK, in. Hg

(Pg20.073 x STACK GAUGE PRESSURE in in. H30) Py

P

RATIO OF STATIC PRESSURE TO METER PRESSURE S, | O
"AVERAGE STACK TEMPERATURE, °F ‘r,m 310
AVERAGE VELOCITY HEAD, in. H,0 80,y | 288
MAXIMUM VELOCITY HEAD, in. H 0 Abgar,

C FACTOR 0, 9%
CALCULATED NOZZLE DIAKETER, in. o238 \
ACTUAL NOZZLE DIAMETER, in. 0.182
REFERENCE 4p, in. K0 2,40

EPA {Dur) 234
yn
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NOMOGRAPH DATA

pur Yubs Oy, O Eoleagre

owe__ 2/ L‘L/ 22
SAMPLING LOCATION & S 4 BZ

V-4~ ML - 727

CALIBRATED PRESSURE DIFFERENTIAL ACROSS .
ORIFICE, in. H,0 ang | 145

AVERAGE METER TEMPERATURE (AMBIENT +20°F), °F Vo, /o
PERCENT MOISTURE IN GAS STREAM BY VOLUME Byo 7
BAROMETRIC PRESSURE AT METER, in. Hg Pa 28,94

s
STATIC PRESSURE IN STACK, in. He O.LE
4
(Pp0.073 x STACK GAUGE PRESSURE in in. Hy0) A Hy 0
P,

RATIO OF STATIC PRESSURE TO METER PRESSURE e | 1.0
"AVERAGE STACK TEMPERATURE, °F T‘m. 318~
AVERAGE VELOCITY HEAD, in. H,0 Bbyy, | €0
MAXINUM VELOCITY HEAD, in. H,0 Aoy | 2:90
C FACTOR 0,95
CALCULATED HOZZLE DIMKETER, in. B, 24p

ACTUAL NOZZLE DIAMETER, in, o, 82
REFERENCE ap, in. Hy0 2.2

EPA (Dur) 234
2
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NOMOGRAPH DATA
ot ke, Ohee , Clir Edises,
oate_72/29/93

SAMPLING LOCATION ES‘PM&@
N-~4-muvr-729

g::.;:aénisnﬂpgessune DIFFERENTIAL ACROSS . s
» 0. Fly e

AVERAGE METER TEMPERATURE (AMBIENT + 20°F), °F Tagy,, /105
PERCENT MOISTURE IN GAS STREAM BY VOLUKE Byo 7
BAROMETRIC PRESSURE AT METER, in. Hg Pa |98

STATIC PRESSURE IN STACK, in. Hg

{Pn£0.073 x STACK GAUGE PRESSURE in in. H0) P,
P
RATIO OF STATIC PRESSURE TO METER PRESSURE gt MO
"AVERAGE STACK TEMPERATURE, °F T"m. 30
AVERAGE VELOCITY HEAD, in. Hy0 &by | 0.25
MAXIMUM VELOCITY HEAD, in. Hy0 Svgn | )10
C FACTOR 295
CALCULATED NOZZLE DIAMETER, in. 8.238 |
ACTUAL NOZZLE DIAMETER, in. 2,183
REFERENCE ap, in. H,0 2.20
EPA (Dur) 234
W
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NOMOGRAPH DATA

- Al

punt Nl Coe oy Eliry
onte_7/31(23

SAXPLING LOCATION £0/° @
N~4 ~mvir~ 73]
gﬁgfc?rifnurgsssuas DIFFERENTIAL ACROSS . Lis
+in. Hp 0
AVERAGE METER TEMPERATURE (AMBIENT + 20°F), °F Tagg, | 25
PERCENT MOISTURE IN GAS STREAM BY VOLUKE Bo 7
BAROMETRIC PRESSURE AT METER, in. Hg Py 28,72

STATIC PRESSURE IN STACK, in. Hg

(P £0.073 x STACK GAUGE PRESSURE in in. H,0) P,
P
RATIO OF STATIC PRESSURE TO METER PRESSURE g | 1O
"AVERAGE STACK TEMPERATURE, °F T,m 3/0
AVERAGE VELOCITY HEAD, in. Hy0 Abyy | O 5
MAXIMUM VELOCITY HEAD, in. Hy0 Appx | L IO
C FACTOR o. 90
CALCULATED KOZZLE DINKETER, in. o,24p |
ACTUAL NOZZLE DIAMETER, in. 0,122
REFERENCE ap, in. H;0 2 , 20
EPA (Dur) 234
mn
Checked by:
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Dilution Sampler Field Data
Stack Description and Parameters

D-147

Coal Creek Run No, M-8 Daie) <.5— a4
Use defaults as required for presampling setup. Operator \ g |
Obtain by Parameter Value Unit Nomen. Default
Calibration: Probe Coeff. A | G.By2s |~ Ap cs:;eibl:;tt’i‘::cn
Probe Coeff. B legies8 |— B, .. summary
Probe Cal. Temp. Gk °F Teap 68
Probe Cal. Press. 29.92 | in. Hg Peatp 29.92
Orifice Coeff. A  oeooig 1T A, 0.0018
Orifice Coeff. B tcagaa (— B, 1.9897
R 57 Orifice Cal. Temp. rry °F Toqo 68
CAat 5-17-93  Orifice Cal. Press. tq.9~ |inHg Paro 2992
Yonern: (019832 Meter Box AH@® | 1,54y inH,0 AH@ 1.7
Pitot Coeff. OBy -—_ G 0.84
Measure: Ambient Temp. 828 °F T, 90
Barometer f‘;,qq in. Hg Py 29.92
Stack Temnp. 261 °F T, 220
Static Press. [ in. R,0 P, -1.5
Velocity Press. il in. HO VP 1.8
Stack Moist. 9 % vol H,0 17.3
Chamber Temap. 160 °F Te 90
Orifice Vacuum il in. H,0 V, -15
Meter Box Temp. jaer JI0 |°F Togm 100
Specification:  Dilution Ratio 20 - DR 30
Nozzle Diameter 1§ in d 0.178
Impactor Rate 1Y acfm Q; 0.75
Calculation: Stack Velocity Y2ys ft/min v,
Probe Flow o733, acfm Q.
Probe Flow 0.S0073 scfm Quue.
Chamber Press. Z.Lbbe in. H,0 Pc
Orifice Flow Jo.3 acfm Qo2
Orifice Flow M. B3 scfm Qo
Orifice Press. Drop ©v,4794 {in. H0 Pg
Meter Box AH 157 in. HO AH
93CO28.FO1 (see also 92C042.F01, 181025-2.F01)
Revised 06/16/93 ?6DS LeEAR ATE O~ ovrs @ gtléufmggﬁ
SATE © ' 7-25-9% VAC -——54_
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Dilution Sampler Field Data
Stack Description and Parameters

Coal Creek Run No. IN-58 -7% Date| 9.18-9>
Use defaults as reguired for presampling setup. Operator |y
Obuain by Parameter Value Unit Nomen. Default
Calibration: ::: g:§ g AT - :P g:ﬁb‘:::i?n
: 18168 P .- Summary
Probe Cal. Temp. 66 °F Teaip 68
Probe Cal. Press. 29.62 | in. Hg P“Lp 29.92
< Orifice Coeff, A 0:2018 -— A, 0.0018
g0+ _.17-%7  Orifice Coeff. B (2817 __ |~ B, 1.9897
e Orifice Cal. Temp. o °F Toyo 68
\(ﬁ.‘w 0{?531 Qrifice Cal. Press. 29,92 i.n. Hg Pcal.o 29.92
o Meter Box AH@ 11 3y in. H,O AH@ 1.7
Pitot Coeff. B8.9Y — Co 0.84
Measure: Ambient Temp. £B °F T, 90
Barometer 28 .44 in. Hg Py 29.92
Stack Temp. 295 °F T, 220
Static Press. - 4% in. H,0 P, -1.5
Velocity Press. bl in. H,0 VP 1.8
Stack Moist. X % vol H,0 17.3
Chamber Temp. (03 °F Te 90
Orifice Vacuum -1 in. H,0 Vo -15
Meter Box Temp. Ip S °F Tagm 100
Specification:  Dilution Ratio 20 - DR 30
Nozzle Diameter J28 in. d 0.178
Impactor Rate i acfmn Q 0.75
Catculation: Stack Velocity Hg0 ft/min v,
Probe Flow £ 2% |achm Qe
Probe Flow o.cefo scfm Qs!d
Chamber Press. .60t |inHO  Pe
Orifice Flow (G uq3  |ecim Qua
Orifice Flow {5 oS0 scfm Qqs
Orifice Press. Drop (4147 |in HyO Py
Meter Box AH {.s9¢ in. H,0 AH
$3C028.FO1 (se¢ also 970042 FOL, 181025-2.F01)
Revised 06/16/93 PSDS LEAK RATE o048 @/ EN‘\:I‘B%?MINET?L
- 7-25~13 vac 1 Hg
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Dilution Sampier Field Data
Stack Description and Parameters

Coal Creek Run No. Y-58-224 | Dac{ =~.19-73
Use defaults as required for presampling setup. Operator | Yy,
Obtain by Parameter Value Unit Nomen. Default
Calibration: Probe Coeff. A Gadezs |~ A, f&'ﬁ&?ﬁfn
Probe Coeff. B 18168 - B, .. summary
Probe Cal. Temp. (B 3 Tewp 68
Probe Cal. Press. 9.9 | in. Hg Palp 29.92
Orifice Coeff. A | 5,008 |— A, 0.0018
Bt Orifice Coeff. B 19497 |~ B, 1.9897
Orifice Cal. Temp. la *F Teao 68
Orifice Cal. Press. &2 7992 in. Hg Pelo 29.92
Yencsva- P 7832 Meter Box AH@ 1734 in H,0  AH@ 1.7
Pitot Cocff. o.8Y - G 0.84
Measure: Ambient Temp. 79 °F T, 90
Barometer 28.65v in. Hg Py, 20.92
Stack Temp. 289 °F T, 220
Static Press. —1.0 in. H,0 P, ~1.5
Velocity Press. los in, Hy0 % 1.8
Stack Moist. q % vol H,0 173
Chamber Temp. j oo °F Te 90
Orifice Vacuum i in. H,0 V, —~15
Meter Box Temp. jos” °F Tagm 100
Specification:  Dilution Ratio Po - DR 30
Nozzle Diameter 108 in. d 0.178
Impactor Rate S acfm Q 0.75
Calculation: Stack Velocity qi6o ft/min \A
Probe Flow BT acfm Quar.
Probe Flow (4§73 |scim Q.
Chamber Press. roeqg | H 0 Pc
Orifice Flow J&, 333 jacim Qea
Orifice Flow IYvy276 scfin Qos
Orifice Press. Drop .68} in. HyO Po
9IC028.FO (sec alsc ”C:f::)‘l. ?s?:nsi}:on A h 254 - H20
o e Lot e | _Bols (/, g@gmg
oATE L 2-15-%3 VAC
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Dilution Sampler Field Data
Stack Description and Parameters

Coal Creek Run No. IE-SB-’?JQ Date| =_35-93
Use defaults as required for presampling setup. Operator | Stssa
Obtain by Parameter Value Unit Nomen. Default
Calibration: Probe Coeff. A (3428 |~ Ap Sc:lc‘b[:;t::;cn
Probe Coeff. B Loled |~ B, _- Summary
Probe Cal. Temp. (-6 *F Teatp 68
Probe Cal, Press. 2.9 | in. Hg Pal.p 29.92
Orifice Coeff, A o608 | — A, 0.0018
¢ Orifice Coeff. B L4897 |— B, 1.9897
@ Orifice Cal. Temp. &8 °F Teato 68
QOrifice Cal. Press. 24,91 |in Hg Palo 29.92
Yoncor: 0 989%__ Meter Box AH@ (13 |inH0  aH@ 1.7
Pitot Coefl. 0.6+ - Cp 0.84
Measure: Ambient Ternp. 715 °F T, %0
Barometer 1893 in. Hg P, 29.92
Stack Temp. =87 °F T, 220
Static Press. [~ 1.pg in.H0 P, -15
Velocity Press. 1,7 in. H,0 VP 1.8
Stack Moist. g % vol H,0 17.3
Chamber Temp. 25" °F Te 90
Orifice Vacuum - in. H,0 Vo ~-15
Meter Box Temp. o5 °F Tagm 100
Specification:  Dilution Ratio 20 - DR 30
Nozzle Diameter 0,175 in. d 0.178
Impactor Rate 0.75 acfm Q 0.75
Calculation: Stack Velocity CTA L ft/min v,
Probe Fiow 0.73% acfm Qucr.
Probe Fiow 0501 scfm Qg
Chamber Press. 2.06B9 in. H,0 Pe
Orifice Flow | G <1293 |acfm Qo
Orifice Flow JH82¢0 |scfm Qs
Orifice Press. Drop oOt{291 in. H,0 Po
Meter Box AH [ SSB in. H,0
9ICO28.FO1 {sce aiso 92C042.FOL. 181025-2.FO1)
Revised 06/16/93 PIDS, LeAk RATE o OMS 0/ lE:N!\:\lnEOEMINETE
T »-25-93 VAC
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Dilution Sampler Field Data
Stack Description and Parameters

D-159

Coal Creek Run No. &.gs STy Date| 9-3,. 93
Use defaults as required for presampling setup. Operator Juga
Obtain by Parameter Value Unit Nomen. Default
Calibration: Probe Coeff. A Lo3qzs |~ A, sc:leibg;‘:i%ﬁ:
Probe Coeff. B W - B, .- summary
Probe Cal. Temp. 66 °F Teatp 63
Probe Cal. Press. a2 _|in Hg Peatp 29.92
Orifice Coeff. A o.o0ip | A, 0.0018
Orifice Coeff. B | 1, aeas  |— B, 1.9897
2oL S Orifice Cal. Temp. Gy j’F Teat o 68
Orifice Cal. Press. 2Z9.5%2 in. Hg Pcal.o 29.92
ez QT3 Neter Box AHQ 1934 in ,0  AH@ 1.7
Pitot Coeff. 0. O - Co 0.84
Measure: Ambient Temp. 17 °F T, 20
Barometer 26,02 in. Hg Py 29.92
Stack Temp. 284 °F T, 220
Static Press. - 1.0 in. H,O P, -1.5
Velocity Press. |05~ in. H,0 VP 1.8
Stack Moist. Q % vol H,0 17.3
Chamber Temp. g °F Te %0
Orifice Vacuutm -1 in. H,O v, -15
Meter Box Temp. s °F ngm 100
Specification:  Dilution Ratio 20 — DR 30
Nozzle Diameter o4 in. d 0.178
Impactor Rate a9 acfm Q 0.75
Calculation:  Stack Velocity 1133 f/min v,
Probe Flow 0,713 |acm Qe
Probe Flow o MG o scfin Q.
Chamber Press. I in. H,0 P
Orifice Flow jo,6763  |3cfm Qoa
Orifice Flow 4450 2% scfm Qs
Orifice Press. Drop %87 in. H,O Po
Meter Box AH |l v in. H,0 AH
93C028.FO! (see also 92C042.FO1, 181025-2.F01)
Revised 06/16193 PSDS LEAK R2ATE | 4,64 ¢ @ gﬂa‘%’mﬁ
e 225 4% VAC
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NILES BOILER, ESP INLET, LOCATION 4

RUN NO.
TEST DATE
SAMPLING TIME, 24 HOUR CLOCK FROM
TO
DN SAMPLING NOZZLE DIAMETER, IN.
TT NET TIME OF TEST, MIN.
PE BARCMETRIC PRESSURE, IN. HG
PM AVG. ORIFICE PRESSURE DROP,
IN. H20
VM VOLUME OF DRY GAS SAMPLED AT
METER CONDITIONS, CF (DRY)
™ AVG. GAS METER TEMPERATURE, F
VMSTD VQLUME OF DRY GAS SAMPLED AT
STANDARD CONDITIONS, NCF (DRY)
VW TOTAL H20 COLLECTED IN IMPINGERS

AND SILICA GEL, ML

VWGAS VOLUME OF H20 VAPOR COLLECTED, NCF

M MOISTURE IN STACK GAS
BY VOLUME, PERCENT
MD MOLECULAR FRACTION OF DRY GAS
coz2 STACK GAS C02, VOL PERCENT DRY
02 STACK GAS 02, VOL PERCENT DRY
Cco STACK GAS CO, VOL PERCENT DRY
N2 STACK GAS N2, VOL PERCENT DRY
EA STACK GAS EXCESS AIR, PERCENT
MWD MOLECULAR WEIGHT OF STACK GAS,
DRY BASIS
MW MOLECULAR WEIGHT OF STACK GAS,
WET BASIS
CP PITOT TUBE COEFFICIENT
TS AVG. STACK TEMPERATURE, F
NP NET SAMPLING POINTS

D-170

1
7/26
1417
2017

0.247
360

28.84

245.6

95
214 .4

449.0

B1.5

22.8
30.5

29.4

310

24

7/27
1120
2013

0.182
360

28.82

1€7.6

92

144.2

550.0

24 .2

14.37

14 .5

81.4

23.6

30.5

28.7

301

26

7/28
1020
1731

0.182
3640

28,84

174.1

90

150.4

458.0

20.1

11.81

12.0

83.6

24.9

30.1

28.7

282

25



NILES BOILER, ESP INLET, LOCATION 4

RUN NO.
TEST DATE
SAMPLING TIME, 24 HOUR CLOCK FROM
TO
PST STATIC PRESSURE OF STACK GAS,
IN. HG.
PS STACK GAS ABS. PRESSURE, IN. HG
Vs STACK GAS VELOCITY AT STACK
CONDITIONS, FFM
AS STACK AREA, SQ. IN.
Qs STACK GAS VOLUMETRIC FLOW RATE
AT NORMAL CONDITIONS, NCFM (DRY)
QA STACK GAS VOLUMETRIC FLOW RATE
AT STACK CONDITIONS, ACFM (WET)
I ISOKINETIC RATE, PERCENT
MF PARTICULATE MASS--~PROBE, CYCLONE,

AND FILTER, MG

CAN PARTICULATE LOADING--PROBE,
CYCLONE, AND FILTER AT STACK 02,
GR/NCF (DRY)

CAT PARTICULATE LOADING--PROBE,
CYCLONE, AND FILTER AT STACK 02,
GR/ACF (WET)

CAN3 PARTICULATE LOADING--PROBE,
CYCLONE, AND FILTER AT 3% 02,
GR/NCF (DRY)

CAT3 PARTICULATE LOADING--PRORE,
CYCLONE, AND FILTER AT 3% 02,
GR/ACF (WET)

CAW PARTICULATE EMISSIONS--PROBE,
CYCLONE AND FILTER, LB/HR

D-171

7/26
1417
2017

0.08

28.89

3518

16277.

224732

397626

90.0

0.000

0.000

0.000

0.000

7/27
1120
2013

0.05

28.87

3803

16277.

229670

429836

109.1

B597.0

0.918

0.491

0.979

0.523

1807.70

7/28
1020
1731

0.05

28.89

3823

16277.

243876

432141

107.2

0.000

0.000

0.000

0.000



NILES BOILER, ESP INLET, LOCATION 4

RUN NO.
TEST DATE

VOLUME OF GAS SAMPLED, NCF (DRY)
MOISTURE FRACTION VOLUME, PERCENT
AVERAGE STACK TEMPERATURE, F

STACK VOLUMETRIC FLOW RATE, NCFM (DRY)
STACK VOLUMETRIC FLOW RATE, ACFM (WET}
ISOKINETIC RATE, PERCENT

EXCESS AIR, PERCENT

PARTICULATE MASS - PROBE, CYC,FILTER CATCH,

MG

PARTICULATE LOADING,
GR/NCF AT STACK 02 (DRY)

PARTICULATE LOADING,
GR/ACF AT STACK 02 (WET)

PARTICULATE LOADING,
GR/NCF AT 3% 02 (DRY)

PARTICULATE LOADING,
GR/ACF AT 3% 02 (WET)

PARTICULATE EMISSIONS, LB/HR

D-172

1
7/26
214.4

8.4

310

224732
397626
90.0

22.8

0.000
0.000
0.000

0.000

7/27
144.2
14.4
301
229670
429836
109.1

23.6

8587.0

0.918

0.491

c.979

0.523

1807.7

7/28
150.4
11.8
282
243876
432141
107.2

24.9

0.000

0.000

6.000

0.000



JILES BOILER, ESP INLET, LOCATION 4

RUN NO. 1 2

TEST DATE 7/26 7/27
VOLUME OF GAS SAMPLED, NCM 6.07 4.08
MOISTURE FRACTION VOLUME, PERCENT 8.4 14.4
AVERAGE STACK TEMPERATURE, C 154 149
STACK VOLUMETRIC FLOW RATE, NCMM 6363 6503
STACK VOLUMETRIC FLOW RATE, CMM 11259 12171
ISOKINETIC RATE, PERCENT 90.0 109.1
EXCESS AIR, PERCENT 22.8 23.6

PARTICULATE MASS - PROBE, CYC,FILTER CATCH,

MG 0.0 8597.0
PARTICULATE LOADING,

MG/NCM AT STACK 02 (DRY) 0.0 2101.7
PARTICULATE LOADING,
MG/CM AT STACK 02 (WET) 0.0 i1z22.3
PARTICULATE LOADING,

MG/NCM AT 3% 02 (DRY) 0.0 223%9.3
PARTICULATE LOADING,

MG/CM AT 3% 02 (WET) 0.0 1196.4
PARTICULATE EMISSIONS, KG/HR 0.0 820.0

D-173

3
7/28
4.26
11.8
138
6905
12236
107.2

24.59



NILES BOILER, ESP INLET, LOCATION 4

RUN NO.
TEST DATE
SAMPLING TIME, 24 HOUR CLOCK FROM
TO
DN SAMPLING NOZZLE DIAMETER, IN.
TT NET TIME OF TEST, MIN.
PB BAROMETRIC PRESSURE, IN. HG
PM AVG. ORIFICE PRESSURE DROP,
IN. H20
VM VOLUME OF DRY GAS SAMPLED AT
METER CONDITIONS, CF (DRY)
™ AVG. GAS METER TEMPERATURE, F
VMSTD VOLUME OF DRY GAS SAMPLED AT
STANDARD CONDITIONS, NCF (DRY)
VW TOTAL H20 COLLECTED IN IMPINGERS

AND SILICA GEL, ML

VWGAS VOLUME OF H20 VAPOR COLLECTED, NCF

M MOISTURE IN STACK GAS
BY VOLUME, PERCENT
MD MOLECULAR FRACTION OF DRY GAS
coz2 STACK GAS C02, VOL PERCENT DRY
c2 STACK GAS 02, VOL PERCENT DRY
co STACK GAS CO, VOL PERCENT DRY
N2 STACK GAS N2, VOL PERCENT DRY
EA STACK GAS EXCESS AIR, PERCENT
MWD MOLECULAR WEIGHT OF STACK GAS,
DRY BASIS
MW MOLECULAR WEIGHT OF STACK GAS,
WET BASIS
CP PITOT TUBE COEFFICIENT
TS AVG. STACK TEMPERATURE, F
NP NET SAMPLING POINTS

D-174

7/289
926
1525

0.182
360

28.76

165.0

82

144.2

458.0

20.1

12.25%

14.8

8l.2

22.9

30.5

29.0

292

24

7/30
915
1530

0.182
360

28.77

155.8

66
144.0

336.0

81.2

23.6
30.5

29.4

296

24

7/31
500
1517
0.182
360

28,92

171.8

g0

151.7

287.0

13.1

81.2

25.8

30.5

29.5

282

25



NILES BOILER, ESP INLET, LOCATION 4

RUN NO.
TEST DATE
SAMPLING TIME, 24 HOUR CLOCK FROM
TO
PST STATIC PRESSURE OF STACK GAS,
IN. HG.
PS STACK GAS ABS. PRESSURE, IN. HG
Vs STACK GAS VELOCITY AT STACK
CONDITIONS, FPM
AS STACK AREA, SQ. IN.
QS STACK GAS VOLUMETRIC FLOW RATE
AT NORMAL CONDITIONS, NCFM (DRY)
Qa STACK GAS VOLUMETRIC FLOW RATE
AT STACK CONDITIONS, ACFM (WET)
I ISOKINETIC RATE, PERCENT
MF PARTICULATE MASS--PROBE, CYCLONE,
AND FILTER, MG
CAN PARTICULATE LOADING--PROBE,
CYCLONE, AND FILTER AT STACK 02,
GR/NCF (DRY)
CAT PARTICULATE LOADING--PROBE,
CYCLONE, AND FILTER AT STACK 02,
GR/ACF (WET)
CAN3 PARTICULATE LOADING--PROBE,
CYCLONE, AND FILTER AT 3% 02,
GR/NCF (DRY)
CAT3 PARTICULATE LOADING--PROBE,
CYCLONE, AND FILTER AT 3% 02,
GR/ACF (WET)
CAW PARTICULATE EMISSIONS--PROBE,

CYCLONE AND FILTER, LB/HR

D-175

4
7/29
926
1525

0.05

28.81

3635

16277,
227230

410867

110.3

9980.1
1.066
0.589
1.129

0,624

2374.99

7/30
915
1530

0.05%

28.82

3645

16277.

234272

412009

106.8

0.000

0.000

Q.000

0.000

0.00

7/31
900
1517

0.05

28.97

3764

16277,

251373

425425

104.59

6273.8B

0.637

0.376

0.691

0.408

1372.17



ILES BOILER, ESP INLET, LOCATION 4

RUN NO. 4 5 6

TEST DATE 7/29 7/30 7/31
OLUME OF GAS SAMPLED, NCF (DRY) 144.2 144.0 151.7
I0ISTURE FRACTION VOLUME, PERCENT 12.3 9.3 7.9
\VERAGE STACK TEMPERATURE, F 292 296 282
JTACK VOLUMETRIC FLOW RATE, NCFM (DRY) 227230 234272 251373
STACK VOLUMETRIC FLOW RATE, ACFM (WET) 410867 412009 425425
ISOKINETIC RATE, PERCENT 110.3 106.8 104.9
EXCESS AIR, PERCENT 22.9 23.6 25.8

PARTICULATE MASS - PROBE,CYC,FILTER CATCH,

MG 9980.1 0.0 €273.8
PARTICULATE LOADING,
GR/NCF AT STACK 02 (DRY) 1.066 0.000 0.637
PARTICULATE LOADING,
GR/ACF AT STACK 02 (WET) 0.589 0.000 0.37¢
PARTICULATE LOADING,
GR/NCF AT 3% 02 (DRY) 1.129 0.000 0.691
PARTICULATE LOADING,
GR/ACF AT 3% 02 (WET) 0.624 0.000 0.408
PARTICULATE EMISSIONS, LB/HR 2075.0 0.0 i372.2

D-176



NILES BOILER, ESP INLET, LOCATION 4

RUN NO. 4 5 6

TEST DATE 7/289 7/30 7/31
VOLUME OF GAS SAMPLED, NCM 4.08 4.08 4.30
MOISTURE FRACTION VOLUME, PERCENT 12.3 9.3 7.9
AVERAGE STACK TEMPERATURE, C 144 146 138
STACK VOLUMETRIC FLOW RATE, NCMM 6434 6633 7118
STACK VOLUMETRIC FLOW RATE, CMM 11634 11666 12046
ISOKINETIC RATE, PERCENT 110.3 106.8 104.9
EXCESS AIR, PERCENT 22.9 23.6 25.8

PARTICULATE MASS - PROBE,CYC,FILTER CATCH,

MG 9980.1 0.0 6£273.8
PARTICULATE LOADING,
MG/NCM AT STACK 02 (DRY) 2438.4 0.0 1457.6
PARTICULATE LOADING,
MG/CM AT STACK 02 (WET) 1348.5 0.0 861.2
PARTICULATE LOADING,
MG/NCM AT 3% 02 (DRY) 2582.7 0.0 1581.3
PARTICULATE LOADING,
MG/CM AT 3% 02 (WET) 1428.3 0.0 934.3
PARTICULATE EMISSIONS, KG/HR 941.2 0.0 622.4

D-177



NILES BOILER, STACK, LOCATION 5A&, MULTI-METALS TRAIN

RUN NO. 1 2 3
TEST DATE 7/27 7/29 7/31
SAMPLING TIME, 24 HOUR CLOCK FROM 954 900 905
TO 1619 1529 1542
DN SAMPLING NOZZLE DIAMETER, IN. 0.228 0.228 0.228
TT NET TIME OF TEST, MIN. 360 360 360
PB BAROMETRIC PRESSURE, IN. HG 29.00 28.88 29.06
PM AVG. ORIFICE PRESSURE DROP,
IN. H20 1.83 1.87 1.81
VM VOLUME OF DRY GAS SAMPLED AT
METER CONDITIONS, CF (DRY) 276.2 281.4 277.5
™ AVG. GAS METER TEMPERATURE, F 107 99 97
VMSTD VOLUME OF DRY GAS SAMPLED AT
STANDARD CONDITIONS, NCF (DRY)} 232.0 238.9 237.9
VW TOTAL H20 COLLECTED IN IMPINGERS
AND SILICA GEL, ML 536.4 564 .7 559.0
VWGAS VOLUME OF H20 VAPOR COLLECTED, NCF 23.6 24 .8 24.6
M MOISTURE IN STACK GAS
BY VOLUME, PERCENT 9.23 9.41 9.36
MD MOLECULAR FRACTION OF DRY GAS 0.91 0.91 0.91
coz2 STACK GAS CO02, VOL PERCENT DRY 13.0 12.6 12.6
02 STACK GAS 02, VOL PERCENT DRY 6.0 6.5 6.5
co STACK GAS CO, VOL PERCENT DRY 0.0 0.0 0.0
N2 STACK GAS N2, VOL PERCENT DRY 81.0 80.9 80.9
EA STACK GAS EXCESS AIR, PERCENT 39.0 43 .7 43.7
MWD MOLECULAR WEIGHT OF STACK GAS,
DRY BASIS 30.3 30.3 30.3
MW MOLECULAR WEIGHT OF STACK GAS,
WET BASIS 29.2 29.1 29.1
CP PITOT TUBE COEFFICIENT 0.84 0.84 0.84
TS AVG. STACK TEMPERATURE, F 294 293 291
NP NET SAMPLING POINTS 4 4 4

D-178



NILES BOILER, STACK, LOCATION 5A, MULTI-METALS TRAIN

RUN NO.
TEST DATE
SAMPLING TIME, 24 HOUR CLOCK FROM
TO
PST STATIC PRESSURE OF STACK GAS,
IN. HG.
PSS STACK GAS ABS. PRESSURE, IN. HG
VS STACK GAS VELOCITY AT STACK
CONDITIONS, FPM
AS STACK AREA, SQ. IN.
Qs STACK GAS VOLUMETRIC FLOW RATE
AT NORMAL CONDITIONS, NCFM (DRY)
QA STACK GAS VOLUMETRIC FLOW RATE
AT STACK CONDITIONS, ACFM (WET)
I ISOKINETIC RATE, PERCENT
MF PARTICULATE MASS--PROBE, CYCLONE,

AND FILTER, MG

CAN PARTICULATE LOADING--PROBE,
CYCLONE, AND FILTER AT STACK 02,
GR/NCF (DRY)

CAT PARTICULATE LOADING--PROBE,
CYCLONE, AND FILTER AT STACK 02,
GR/ACF (WET)

CAN3 PARTICULATE LOADING--PROBE,
CYCLONE, AND FILTER AT 3% 02,
GR/NCF (DRY)

CAT3 PARTICULATE LOADING--FRORE,
CYCLONE, AND FILTER AT 3% 02,
GR/ACF (WET)

CAW PARTICULATE EMISSIONS--PROBE,
CYCLONE AND FILTER, LB/HR

D-179

1
7/27
954
1619

-0.07

28.93

4146

13685,

225544

393984

95.8

237.6

0.016

0.009

0.019

0.011

30.48

2
7/29
900
1529

-0.08

28.80

4131

13685.

223594

392578

99.5

105.9

0.007

0.004

0.008

0.005

13.08

3
7/32
905
1542

-0.08

28.98

4110

13685,

224809

390616

98.5

186.3

0.012

0.007

0.015

0.009

23.23



NILES BOILER, STACK, LOCATION S5A, MULTI-METALS TRAIN

RUN NO. 1 2 3

TEST DATE 7/27 7/29 7/31
VOLUME OF GAS SAMPLED, NCF (DRY]) 232.0 238.9 237.9
MOISTURE FRACTION VOLUME, PERCENT 9.2 9.4 9.4
AVERAGE STACK TEMPERATURE, F 294 293 291
STACK VOLUMETRIC FLOW RATE, NCFM (DRY) 225544 223594 224805
STACK VOLUMETRIC FLOW RATE, ACFM (WET) 31938584 392578 390616
ISOKINETIC RATE, PERCENT 95.8 89.5 98.5
EXCESS AIR, PERCENT 39.0 43.7 43.7

PARTICULATE MASS - PROBE,CYC,FILTER CATCH,

MG 237.6 105.9 186.3
PARTICULATE LOADING,
GR/NCF AT STACK 02 (DRY) 0.016 0.007 0.012
PARTICULATE LOADING,
GR/ACF AT STACK 02 (WET) 0.009 0.004 0.007
PARTICULATE LOADING,
GR/NCF AT 3% 02 (DRY) 0.019 0.008 0.015
PARTICULATE LOADING,
GR/ACF AT 3% 02 (WET) 0.011 0.005 0.009
PARTICULATE EMISSIONS, LB/HR 30.5 13.1 23.2

D-180



LES BOILER, STACK, LOCATION 5A, MULTI-METALS TRAIN

RUN NO. 1 2 3

TEST DATE 7/27 7/29 7/31
LUME OF GAS SAMPLED, NCM 6.57 6.77 6.74
JISTURE FRACTION VOLUME, PERCENT 9.2 9.4 9.4
'ERAGE STACK TEMPERATURE, C 145 145 143
’ACK VOLUMETRIC FLOW RATE, NCMM 6386 6331 6365
[ACK VOLUMETRIC FLOW RATE, CMM 11156 11116 11061
SOKINETIC RATE, PERCENT 95.8 99.5 98.5
XCESS AIR, PERCENT 39.0 43.7 43.7

ARTICULATE MASS - PROBE, CYC,FILTER CATCH,

G 237.6 105.9 186.3
JARTICULATE LOADING,
1G/NCM AT STACK 02 (DRY) 36.1 15.6 27.6
SARTICULATE LOADING,
4G/CM AT STACK 02 (WET) 20.7 8.9 15.9
PARTICULATE LOADING,
MG/NCM AT 3% 02 (DRY) 43 .4 19.4 34.3
PARTICULATE LOADING,
MG/CM AT 3% 02 (WET) 24.8 11.1 19.7
PARTICULATE EMISSIONS, KG/HR 13.8 5.9 10.5

D-181



JILES BCILER, STACK, LOCATION 5A, MODIFIED METHOD 5

RUN NO. 1 2 3
TEST DATE 7/26 7/28 7/30
SAMPLING TIME, 24 HOUR CLOCK FROM 1200 900 900
TO 1835 1539 1524
DN SAMPLING NOZZLE DIAMETER, IN. 0.192 0.19%2 0.192
TT NET TIME OF TEST, MIN. 360 360 360
PB BAROMETRIC PRESSURE, IN. HG 29.00 28.96 28 .88
PM AVG. ORIFICE PRESSURE DROP,
IN. H20 G.87 0.85 0.85
VM VOLUME OF DRY GAS SAMPLED AT
METER CONDITIONS, CF (DRY} 181.9 190.4 is0.0
™ AVG. GAS METER TEMPERATURE, F 122 125 104
VMSTD VOLUME OF DRY GAS SAMPLED AT
STANDARD CONDITIONS, NCF (DRY) 160.0 157.7 l62.8
VW TOTAL H20 COLLECTED IN IMPINGERS
AND SILICA GEL, ML 368.2 356.8 340.8
VWGAS VOLUME OF H20 VAPOR COLLECTED, NCF 16.2 15.7 15.0
M MOISTURE IN STACK GAS
BY VOLUME, PERCENT 9.19 5.05 8.43
MD MOLECULAR FRACTION OF DRY GAS .91 0.51 0.92
co2 STACK GAS C02, VOL PERCENT DRY 11.7 12.2 13.0
02 STACK GAS 02, VOL PERCENT DRY 7.5 7.0 6.0
Cco STACK GAS CO, VOL PERCENT DRY 0.0 6.0 0.0
N2 STACK GAS N2, VOL PERCENT DRY 80.8 80.8 81.0
EA STACK GAS EXCESS AIR, PERCENT 54 .2 48.8 39.0
MWD MOLECULAR WEIGHT OF STACK GAS,
DRY BASIS 30.2 30.2 30.3
MW MOLECULAR WEIGHT OF STACK GAS,
WET BASIS 29.1 2%8.1 25.3
cP PITOT TUBE COEFFICIENT 0.84 D.84 0.84
TS AVG. STACK TEMPERATURE, F 294 292 286
NP NET SAMPLING POINTS 4 4 4
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NILES BOILER, STACK, LOCATION S5A, MODIFIED METHOD 5

RUN NO. 1 2 3
TEST DATE 7/26 7/28 7/30
SAMPLING TIME, 24 HOUR CLOCK FROM 1200 800 900
TO 1835 1539 1524
PST STATIC PRESSURE OF STACK GAS,
IN. HG. -0.74 -0.089 -0.09
PS STACK GAS ABS. PRESSURE, IN. HG 28.26 28.87 28,79
VS STACK GAS VELOCITY AT STACK
CONDITIONS, FPM 4225 4200 4127
AS STACK AREA, SQ. IN. 13685. 13685. 13685.
Qs STACK GAS VOLUMETRIC FLOW RATE
AT NORMAIL. CONDITIONS, NCFM (DRY} 224700 229124 227935
0).1 STACK GAS VOLUMETRIC FLOW RATE
AT STACK CONDITIONS, ACFM (WET) 401523 399139 392189
I ISOKINETIC RATE, PERCENT 93.5 90.4 93.8
MF PARTICULATE MASS--PROBE, CYCLONE,
AND FILTER, MG 0.0 0.0 0.0

CAN PARTICULATE LOADING--PROBE,
CYCLONE, AND FILTER AT STACK 02,
GR/NCF (DRY) 0.000 0.000 0.000

CAT PARTICULATE LOADING--PROBE,
CYCLONE, AND FILTER AT STACK 02,
GR/ACF (WET) 0.000 0.000 0.000

CAN3 PARTICULATE LOADING--PROBE,
CYCLONE, AND FILTER AT 3% 02,
GR/NCF (DRY) 0.000 0.000 0.000

CAT3 PARTICULATE LOADING--PROBE,
CYCLONE, AND FILTER AT 3% 02,

GR/ACF (WET) 0.000 0.000 0.000
CAW PARTICULATE EMISSIONS--PROBE,
CYCLONE AND FILTER, LB/HR 0.00 0.00 0.00

D-183



NILES BOILER, STACK, LOCATION S5A, MODIFIED METHOD 5

RUN NO. 1 2 3

TEST DATE 7/26 7/28 7/30
VOLUME OF GAS SAMPLED, NCF (DRY) 160.0 157.7 162.8
MOISTURE FRACTION VOLUME, PERCENT 5.2 9.1 8.4
AVERAGE STACK TEMPERATURE, F 294 292 286
STACK VOLUMETRIC FLOW RATE, NCFM (DRY) 224700 229124 227935
STACK VOLUMETRIC FLOW RATE, ACFM (WET) 401523 399139 392189
ISOKINETIC RATE, PERCENT 93.5 90.4 93.8
EXCESS AIR, PERCENT 54.2 48.8 39.0

PARTICULATE MASS - PROBE,CYC,FILTER CATCH,

MG 0.0 0.0 0.0
PARTICULATE LOADING,
GR/NCF AT STACK 02 {DRY) 0.000 0.000 0.000
PARTICULATE LOADING,
GR/ACF AT STACK 02 (WET) 0.000 0.000 0.000
PARTICULATE LOADING,
GR/NCF AT 3% 02 (DRY) 0.000 0.000 0.000
PARTICULATE LOADING,
GR/ACF AT 3% 02 {(WET) 0.000 0.000 0.000
PARTICULATE EMISSIONS, LB/HR 0.0 0.0 0.0
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NILES BOILER, STACK, LOCATION 5A, MODIFIED METHOD 5

RUN NO. 1 2 3

TEST DATE 7/26 7/28 7/30
VOLUME OF GAS SAMPLED, NCM 4.53 4.47 4.61
MOISTURE FRACTION VOLUME, PERCENT 9.2 9.1 8.4
AVERAGE STACK TEMPERATURE, C 145 144 141
STACK VOLUMETRIC FLOW RATE, NCMM 6362 6488 6454
STACK VOLUMETRIC FLOW RATE, CMM 11369 11302 11105
ISOKINETIC RATE, PERCENT 83.5 90.4 93.8
EXCESS AIR, PERCENT 54.2 48.8 39.0

PARTICULATE MASS - PROBE,CYC,FILTER CATCH,

MG 0.0 0.0 0.0
PARTICULATE LOADING,
MG/NCM AT STACK 02 (DRY) 0.0 0.0 0.0
PARTICULATE LOADING,
MG/CM AT STACK 02 (WET) 0.0 0.0 0.0
PARTICULATE LOADING,
MG/NCM AT 3% 02 (DRY) 0.0 0.0 6.0
PARTICULATE LOADING,
MG/CM AT 3% 02 (WET) 0.0 0.0 0.0
PARTICULATE EMISSIONS, KG/HR 0.0 0.0 0.0
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APPENDIX E
QA/QC



QA/QC

E- in mpl

The goal for data completeness in this study was defined in the QAPP as at least 85
percent. One aspect of achieving this goal is the completeness of sampling activities. Table
E-1 shows the percent completeness of sampling of flue gas, solid and liquid streams at Niles
Boiler No. 2. Footnotes to the table identify the causes of any incomplete sampling efforts;
any such deviations from plan are also discussed in section 3.2.4 of this report. |

Table E-1 shows that flue gas sampling was 100 percent complete. This completeness
value excludes the PSDS filters from Location 5b, which contained insufficient sample for
carbon/radionuclide analyses. However, carbon/radionuclide data in the stack were obtained
at the co-located sampling Location 5a. Solid and liquid sample collection was complete.

The ESP ash and air heater ash sample collections are indicated in Table E-1 as 100
percent complete, and that was the case in that all achievable samples were collected.
However, in some collection periods samples could not be collected from individual hoppers.
These occurrences have been noted as deviations from the sampling plan, in Section 3.2.4 of

this report.



TABLE E-1. COMPLETENESS OF SAMPLE COLLECTION AT NILES BOILER NO. 2

-

Type of Sample

o —

Completeness (percent)

Flue Gas
Multi-Metals (Method 29)
Modified Method 5 (Method 23)
Particulate Mass (Locations 4b, 5b)
HEST Sampler
Canisters (VOO)
VOST (VOC)
TO-5 (Aldehydes)
Method 26A (Anions)
APHA 401 (Ammonia)
APHA 808 (Cyanide)
Filter Carbon™
Filter Radionuclides®
Particle Size Distribution
Impactors
Cyclones

Solid Samples
Boiler Feed Coal
Bottom Ash

Air Heater Ash
ESP Ash

Liquid Samples
River Water
Pond Water
Coal Pile Runoff

—

100
100
100
100
100
100
100
100
100
100
100
100

100
100

100
100
100
100

100
100
100

_

(a) Locations 4, 5a only; 5b PSDS filters too lightly loaded for analysis.



E-2, Analvtical

2. lem ICP

Accuracy, precision, and completeness for elemental analysis conducted by CTE are
provided in Table E-2. Accuracy was determined by evaluating the recovery of a known
amount of a standard solution spiked into a digested sample. Precision was determined by
evaluating the relative percent difference of duplicate instrument analyses of a single digested
sample. A completeness of 100 percent was achieved for ICP analysis of elements.

Method detection limits (DL) for elements in gas samples were calculated using the
following equation:

Digested Sample Volume (mL)

= Detection Limit (ug/mL
DL (ugidscm) = Instrument Detection Limit (ug/mL) x =~ Sample Volume (dscm)

The instrument detection limit in the above equation is determined by calculating three times
the standard deviation of background emission.

For example, the detection limit for cadmium in the filter from N-5a-MUM-727 was
calculated as follows:

150 mL

DL = 0.005 uefmlL x 159 ML
HEIML X 53756 ¢

=2 pglg

This detection limit in ug/g units was then converted to units of ug/dscm as follows:

0.3759 g

DL =2 —_ 5
L nalg x 7.071 dscm

= 0.11 pg/dscm



TABLE E-2. ACCURACY, PRECISION, AND COMPLETENESS FOR ELEMENT ANALYSIS

- —— I — - ——
Accuracy Precision

Analyte Target  Actual How Target Actual Completeness

Compounds How Measured (%) (%)™ Measured (%) (%) (%)

LIQUID Spike Recovery  75-125 RPD of <20 100
Duplicate
Analysis

Alumipum 84, 95 1.4, 18

Antimony B5-105 i, 14

Arsenic 85-113 0-17

Boron NA NAD

Barium 43-101 2.7, 3.1

Beryllium 106-110 ND®©

Cadmium 99-102 ND

Cobalt 95-99 ND

Chromium 101-103 ND

Copper 85-102 ND, 25

Potassium §2-100 3.8, 11

Lead 103-120 2-14

Manganese 890-102 ND, 8.2

Mercury 106 0-17

Molybdenum 98-111 ND

Sodium 115®™ 10, 16

Selenium 13-114 4,13

Nickel 98-109 ND

Silicon NA NA

Titanium 101-104 9.5, 17

Vanadium 102-106 ND

SOLID Spike Recovery  75-125 RPD of <20 100
Duplicate
Analysis

Antimony 80-95 6-11

Arsenic 78-105 6-10

Aluminum NA 1.9-19

Banum 13-131 0.2-11

Boron NA NA

Beryllium 94-102 7.4-8.7

Cadmium 94-101 ND

Cobalt 95-104 10-30

Chromium 95-103 1.8-10.3

Copper 84-98 2.2-123

Potassium 71-94 3.2-12

Lead 97-111 4, 4

Manganese 91-104 0.6-1.9

Mercury 88-112¢ NA

Molybdenum 92-103 ND
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TABLE E-2. (Continued)

— ——— — . ——_—____———
Accuracy Precision
Analyte Target  Actual How Target Actual Completeness
Compounds How Measured (%) (%) Measured (%) (%)@ (%)
Selenium 79-99 1
Sodium -45-230 3.1-25
Nickel 94-105 9.1-19.9
Silicon NA NA
Titanium 25-100 3.1-7.8
Vanadium 94-100 3.6-8
GAS Spike Recovery  75-125 RPD of <20 100
Duplicate
Analysis
Antimony 83-119 1-17
Arsenic 76-115 1-21
Aluminum 45-127 1.14.6
Barium 87-104 2.4-7.9
Beryllium 72-108 0-2.2
Boron NA NA
Cadmium 76-147 ND
Chromium £7-143 2-8
Cobalt 81-130® 0-18
Copper 78-114 04.4
Lead 85-109 1-10
Manganese 89-136 1.8-3.5
Mercury B0-144 0-36
Molybdenum 97-144 ND
Nickel 61-122 0.6-32
Potassium 26-104 1.8-200
Selenium 75-117 1-14
Silicon NA NA
Sodium 35-93 1.3-10
Titanivm 29-102 0-2.2
Vanadium 86-114 ND-2.6
— — e e S e ———

(a} Except where indicated, range represents range of results for muitiple samples, two numbers separated by & comma
represents results for two samples, and single number represents results for single sample or determination.

{b} Excludes outlier of 12 percent recovery.

(¢} ND = Apalyte not detected in sample therefore RPD could not be calculated.

(d) NA = Data not available or analysis pot conducted.

(e) Recovery from standard reference material.

(f) Excludes outlier of 12 percent recovery.
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Accuracy, precision, and completeness results for CVAA analysis of mercury in gas
impinger samples conducted by Battelle are presented in Table E-3. Accuracy was
determined by evaluating the recovery of mercury spiked into digested sample matrix.
Precision was determined by calculating the relative percent difference of duplicate
instrument analyses of a single sample. Accuracy and precision obtained met the target
objectives in all cases. A completeness of 100 percent was obtained for all mercury

analyses.
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TABLE E-3. ACCURACY, PRECISION, AND COMPLETENESS FOR MERCURY ANALYSIS®

— -
Accuracy Precision
Analyte/Surrogate How Measured  Target  Actual How Target Actual
Compounds (%) (%)™ Measured (%) (%)™ Completeness
Mercury Spike Recovery  75-125  92-108 RPD of <20 0-5 100
Duplicate
Analysis

(a) Represents results from analysis of gas samples only.

{b) Except where indicated, range represents range of results for multiple samples, two numbers separated by a comma
represents results for two samples, and single number represents results for single sample or determination.



E-2.3 Ammonia/Cyanide

A summary of the accuracy, precision, and completeness obtained for the
ammonia/cyanide analysis of the gas and liquid samples is provided in Table E-4. Accuracy
was determined by calculating the recovery of a known amount of analyte spiked into a
sample. Precision was determined by duplicate instrument analysis of a single sample. The
accuracy and precision obtained met the target quality objectives in all cases, except for the
precision associated with the duplicate analysis of a sample containing ammonia at a level
less than the detection limit. A completeness of 100 percent was achieved for all samples.

The method detection limits for ammonia and cyanide in gas samples were

determined as follows:

Instrument Detection Limit (ug/sample) *
DL /ds =
(ug/dscm) Gas Sample Volume (dscm)

For example, the detection limit for ammonia in N-5a-NH,-727 was calculated as
follows:

DL = 0.4 pg/sample
0.450238 dscm

= Q.89 ug/dscm

* Calculated from three times the standard deviation for replicate analysis of
low-level samples.



TABLE E4. ACCURACY, PRECISION, AND COMPLETENESS FOR AMMONIA AND CYANIDE ANALYSIS

OF GAS AND LIQUID SAMPLES

. —

Accuracy Precision
Analyte/Surrogate How Measured  Target  Actual How Target Actual Analytical
Compounds (%) (%)™ Measured (%) (%)™ Completeness
(%)

GAS Spike Recovery RPD of

Duplicate

Analysis
Ammonia 75-125  100-104 <20 0-12® 100
Cyanide 75-125  85-105 <20 2,2 100
LIQUID
Ammonia 75-125  102-104 <20 2-17 100
Cyanide 75-125 84-54 <20 1,6

100

(a) Except where indicated, range represents range of results for multiple samples, two numbers scparated by a comma
represents results for two samples, and single nuraber represents results for single sample or determination.

(b} RPD results of 12 at 0.078 and 0.088 ugN/mL level (0.094 and 0.106 ug NH,/mL).



E-2.4 Anions

Accuracy, precision, and completeness results for anion analysis are presented in
Table E-5. Accuracy was determined by evaluating the recovery of target analytes spiked
into sample matrix as well as analysis of a standard reference material (SRM). Precision was
determined by calculating the relative percent difference of duplicate analysis of a single
sample. Accuracy and precision obtained met the target objectives in all cases. A
completeness of 100 percent was obtained for all anion analyses.

Detection limits for anion analyses of gas samples by ion chromatography were
determined by the observation of a calibration standard which when analyzed provided an
approximate 3:1 signal-to-noise ratio,

Species which interfered with the chromatographical analysis of a sample, i.e. a
species which overloaded the column or eluted near the retention window of interest, were
corrected for by sample dilution which in turn required a proportional increase in the
detection limit for the sample. The method detection limit is calculated as follows:

DL (ug/dsem) = Lowest Level Calibration Std (ug/mlL} x

Sample Dilution Factor x

Extraction Volume (mL)/Gas Sample Volume (dscm)
For example, in the analysis of phosphate in Niles filter sample N-5a-FCL-725, matrix
interference in the sample required a dilution of 1:2 to improve the overall chromatography
and minimize fouling of the column. The detection limit for the sample was then determined

as follows:

0.050 pg/mL x 2 x 20 mL/1.4 dscm = 1.4 pg/dscm
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TABLE E-5. ACCURACY, PRECISION, AND COMPLETENESS FOR ANION ANALYSIS

Y — ——— 1 e —

Accuracy Precision
Analyte/Surrogate How Mecasured Target Actual How Target  Actual
Compounds (%) (%) Measured (%) (%) Completencss
Gas (Impinger Solution) Spike Recovery RPD of 100
Duplicate
Analysis
Chloride 75-125 NA <20 9.4
Fluoride 75-125 NA <20 0757
SRM Analysis
Chloride 143-171 ppm 154,154 ppm
Fluoride 1.55-2.02 ppm1.84-1.92
ppm
Gas (Filter} Spike Recovery RPD of 100
Duplicate
Analysis
Chloride 75-125 98,125 <20 12,15
Fluoride 75-125 99-108 <20 01,13
Sulfate 75-125 100 <20 0902
Phosphate 75-125 114 <20 141
SRM Analysis
Chioride 143-171 ppm 161,166 ppm
Fluoride 1.55-2.02 ppm1.72-1.96
ppm
Sulfate 70.1-93.9 ppm83.8,88.8
ppm
Phosphate 0.555-0.779 0.589 ppm
ppm
Solids/Liquids Spike Recovery RPD of 100
Duplicate
Analysis
Chloride 75-125 95 <20 4.6,14
Fluonde 75-125 106,111 <20 105
Sulfate 75-125 86 <20 0.47-
3.145
Phosphate 75-125 78-113 <20 0.0 -
SRM Analysis
Chloride 143-171 ppm 155-175 ppm
Fluoride 1.55-2.02 ppm1.62-1.77
ppm
Sulfate 70.1-93.9 ppm76.5-84.4
ppm
Phosphate 0.555-0.779 0.648-0.730
ppm ppm

NA = notﬁlyzed or data not availablc.
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E-2.5. m vV

A summary of the accuracy, precision, and completeness obtained for analysis of
VOC in VOST samples is shown in Table E-6. To determine accuracy, each sample was
spiked with four surrogate compounds prior to analysis. Recovery of the surrogate spike was
then considered as the analytical accuracy. As shown, the surrogate spike recovery met the
original objectives of 26-160 percent. Sample N-5A-VQOS-730-2 was lost during analysis so
a completeness of 96 percent (26 samples reported/27 samples received) was achieved.

A method detection limit of 25 ng/sample was determined by calculating ten times
the standard deviation of replicate analyses of a 50 ng standard. Detection limits for
individual samples were then calculated by dividing 25 ng/sample by the associated gas

sample volume.
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TABLE E-6. ACCURACY, PRECISION, AND COMPLETENESS FOR VOC VOST ANALYSIS

— = - ]
Accuracy Precision

Analyte/Spike How Measured  Target  Actual How Target Actual (%)
Compounds (%) (%) Measured (%) Completeness

Surrogate Spike 96

Recovery
d4-1,2-Dichloroethane 26-160  42-128 <20 NA
dg-Toluene 26-160  63-164, <20 NA

503@®

dg-Benzene 26-160  77-139 <20 NA
p-Bromofluorobenzene 26-160 26-112 <20 NA

(a) Interference in sample may have contributed to high percent recovery.
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2.58.2 | ister

A summary of the precision, accuracy and completeness obtained for analysis of
VOC in canister samples is shown in Table E-7. Information on accuracy was obtained from
a canister spiked with four target compounds. The concentrations of the four components
were established by reference to the 41 component calibration cylinder. This cylinder has
been recently audited by US EPA and shown to be within + 10 percent of the stated values
for 15 compounds commeon to both mixtures. The contents of the spiked canister were
directed through the sampling train and into a second canister. Both canisters were analyzed
to determined the amount recovered. Analytical precision was determined by repeated
analyses (3 times) of a 1/100 dilution mixture from the 41 component calibration cylinder.
The four components used during the field spike experiment are reported. A completeness of
100 percent was achieved for canister analyses.

Detection limits for VOC in canister samples were calculated as follows:

Concentration of Stds (ppb)

DL b) =
®po) Average of Range of Std Peak Areas (all)

X 3 X (Peak Area Noise)

The calibration cylinder contained the 41 target components each at a nominal concentration
of 200 ppb. The cylinder was dynamically diluted to the 6 ppb level. Using the selective
ion monitoring mode of the GC/MS, area counts from 850,000 to 1,700,000 were obtained
for the target compounds. The peak area noise was approximately 35,000 area units. No
changes in electron multiplier gain was made during the study so the above responses hold
throughout the time period. With these results, the actual detection limit achieved was
calculated as follows:

6 ppb
DL = 3 = 0.5 ppb
(ppb) (1,700,000 + 850,000)/2) * 3 (35,000 PP

The detection limit in ppb units was then converted to ug/dscm units by multiplying
by a conversion factor. For example, 1 ppb of trichlorofluoromethane at 0°C and 760 mm is
equal to 6.11 ug/dscm; therefore the converted detection limit was 3.06 pg/dscm.



TABLE E-7. ACCURACY, PRECISION, AND COMPLETENESS FOR VOC CANISTER ANALYSES

— — —— — —

Accuracy
Analyte/Spike How Measured  Target  Actual How Target Actual Completeness
Compounds (%) (%) Measured (%) (%) (%)
Spike of Sampling RSD of 100
Train with Replicate
Canister Analysis of
Standard
Cylinder
Benzene 25.6 pg/m’ 75-125 108 <20 +24
Toluene 23.0 pg/m’ 75-125 122 <20 +13
Ethylbenzene 25.6 pg/m’ 75-125 109 <20 £12
Styrene 19.2 pg/m’ 75-125 102 <20 +12
— — " _ ——
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Liquid Sa

QA/QC results for the analysis of VOC in liquid samples are presented in Table
E-8.

Each sample was spiked with three surrogate compounds prior to analysis. All of
the samples fell outside of surrogate recovery limits (all over-recovered) except N-9-PRL-
730, the trip blank and field blank. All of the samples were re-analyzed except for N-9-
PRL-730 MS and MSD. Re-analysis of samples N-9-PRL-726, N-9-PRL-726 MS (matrix
spike), N-9-PRL-726 MSD (matrix spike duplicate), N-10-PRL-726 were still outside
surrogate recovery limits. Generally this indicates a matrix interference is present.

Two matrix spikes and matrix spike duplicates were analyzed and one MS/MSD pair
was re-analyzed. The Relative Percent Difference (RPD) for nearly all of the spiked
compounds was within the target range of +25 percent.

Limits for surrogate recoveres as they appear in Table E-8 were taken directly from
Method 8240. Limits for spike recoveries as they appear in Table E-8 were taken from
Method 8240 QC Acceptance Criteria Table.
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TABLE E-8. ACCURACY, PRECISION, AND COMPLETENESS FOR VOC ANALYSIS OF LIQUID SAMPLES

Accuracy Precision
Analyte/Surrogate How Measured  Target  Actual How Target Actual
Compounds (%) (%) Measured (%) (%) Completeness
Surrogate Spike 100
Recovery
1,2-Dichloroethane-d, 76-114  92-159®™ RPD of NA® NA
Matrix
Spike/
Matrix
Spike
Duplicate
Toluene-dg 88-110  89-157® NA NA
4-Bromofluorobenzene 86-115  89-164® NA NA
Matrix Spike 100
Recovery
Benzene 37-151  141-173 25 2-8
Bromomethane D-242  70-146 25 2-43
Bromoform 45-169  95-170 25 7-13
Carbon tetrachloride 70-140  103-110 25 3-19
Chlorobenzene 37-160  96-126 25 6-23
Chloromethane D-273  78-112 25 12-19
1,1-Dichloroethane 59-155  80-123 25 4-31
1,2-Dichloroethane 49-155  100-143 25 3-17
cis-1,3- D-227  96-158 25 1-12
Dichloropropylene
trans-1,3- 17-183  117-154 25 2-12
Dichloropropylene
Ethylbenzene 37-162  137-162 25 3-12
Methylene chloride D-221 7499 25 5-36
Toluene 47-150  127-177 25 0.3-5
1,1,1-Trichloroethane 52-162  B3-140 25 3-40
1,1,2-Trichloroethane 52-150  95-181 25 1-19
Trichloroethylene 71-157  90-129 25 2-7
Vinyl chloride D-251  76-84 25 5-30
e — —— - — — - -
D = detected.

{(a) NA = not avatilable.

{b) All samples exceeding target range were reanalyzed.
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E-2.6 PAH/SVOC

Accuracy, precision, and completeness results for PAH/SVOC analysis of gas and
solid samples are presented in Table E-9. Accuracy was determined by recovery of
perdeuterated PAH spike compounds added to the samples prior to extraction. In most
cases, spike recoveries met the target objective of 50 1o 150 percent. Precision was
determined by evaluating the relative standard deviation of calibration standard analyses.
The average RSD for three calibration standards, 0.05 ng/uL, 0.1 ng/ul, and 0.5 ng/uL is
presented in Table E-9. As shown, this average RSD is below the target 30 percent in all
cases. Individual RSD for these three standards were also below the 30 percent target. A
completeness of 100 percent was achieved for the gas and solid samples.

The estimated detection limit for PAH is 0.01 ng on column and for SVOC is
0.05 ng on column with a 1-uL injection. At these concentration levels, the signal-to-noise
ratio is about 3. The detection limit for PAH/SVOC was calculated using the following

equation:

DL = Estimated Detection Limit Concentration x Final Volume of Extract Analyzed
Gas Sample Volume x  Fraction of Extract Analyzed

For example, the detection limit for hexachloroethane in N-4-MM5-X-726 was calculated as

foliows:

0.05 ng/pL x 1000 puL
6.5317 dscm x 1.0

= 7.7 ngldscm
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TABLE E-9. ACCURACY, PRECISION, AND COMPLETENESS FOR PAH/SVOC ANALYSIS
OF GAS AND SOLID SAMPLES

- S— s —

Accuracy Precision
Analyte/Surrogate How Messured  Target  Actual How Target Actual
Compounds (%) (%) Measured (%) (%) Completeness
Recovery of
Perdeuterated
PAH Spike
GAS 100
d;;-Chrysene 50-150  56-125
dy,- 50-150  41-125
Benzo(k)fluoranthene
SOLID 100
d;,-Chrysene 50-150  21-128
dyp- 50-150  30-126
Benzo(k)fluoranthene
RSD of < 30
Calibration
Standard
Analysis
GAS/SOLID
Benzylchlonide 15.9
Acetophenone 15.1
Hexachloroethane 11.3
Naphthaiene 7.5
Hexachlorobutadiene 11.2
2-Chloroacetophenone 8.2
1-Methylnaphthalene 7.4
2-Methylnaphthalene 5.3
Hexachlorocyclopenta- 12.3
diene
Biphenyl 6.6
Acenaphthylene 5.2
2,6-Dinitrotoluene 7.9
Acenaphthene 6.4
Dibenzofuran 6.9
2,4-Dinitrotoluene 8.8
Fluorene 6.1
Hexachlorobenzene 6.5
Pentachlorophenol 11.2
Phenanthrene 11.6
Anthracene 6.7
Fluoranthene 13.2
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TABLE E-9. (Continued)

Accuracy Precision

Analyte/Surrogate How Measured  Target  Actual How Target Actual
Compounds (%) (%) Measured (%) (%) Completeness

RSD of

Calibration

Standard

Analysis
Pyrene 9.2
Benz(a)anthracene 8.6
Chrysene 6.0
Benzo(b&k)fluoranthene 8.0
Benzo(e)pyrene 7.5
Benzo{a)pyrene 9.2
Indeno(1,2,3-c,d)pyrene 10.5
Dibenzo(a, h)anthracene 111
Benzo(g,h,i)perylene 6.5

—— ok e
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E-2.6.2 Ligui mpl

Accuracy, precision, and completeness results for PAH/SVOC analysis of liquid
samples are presented in Table E-10. Each sample was spiked with eight surrogate
compounds prior 1o analysis. Two of the surrogates do not have established recovery limits.
All samples were within surrogate recovery limits except sample N-9-PRL-730 Trip Blank
which had 168 percent recovery for nitrobenzene-ds .

Two matrix spikes and matrix spike duplicates were analyzed. The Relative Percent
Difference (RPD) for one set of MS/MSD’s was out of the target limit of +25 percent. The
matrix spike duplicate sample in this set exhibited lower recovery for all of the spiked
compounds including the surrogates. The other matrix spike/matrix spike duplicate pair was
within the RPD target of 25 percent with the exception of pentachlorophenol which had a
RPD of 25.94.

Limits for surrogate recoveries as they appear in these tables were taken directly
from Method 8270. Limits for spike recoveries as they appear in these tables were taken
from Method 8270 QC Acceptance Criteria Table.
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TABLE E-10. ACCURACY, PRECISION, AND COMPLETENESS FOR PAH/SVOC ANALYSIS
OF LIQUID SAMPLES

Accuracy Precision
Analyte/Surrogate How Measured  Target  Actual How Target Actual (%)
Compounds (%) (%) Measured (%) Completeness
Surrogate Spike 100
Recovery
2-Flucrophenol 21-100  26-56 NA® NA NA
Phenol-d, 10-94 1941 NA NA NA
2-Chlorophenol-d, NE® 39-72 NA NA NA
1,2-Dichlorabenzene~d, NE 50-139 NA NA NA
Nitrobenzene-d; 35-114  41-168 NA NA NA
2-Fluorobiphenyl 43-116  41-80 NA NA NA
2,4,6-Tribromophenol 10-123  41-74 NA NA NA
Terphenyl-d,, 33-141  39-139 NA NA NA
Matrix Spike RPD of 100
Recovery Matrix
Spike and
Matrix/
Spike
Duplicate
Phenol 5-112 28,41 <25 541
2-Chiorophenol 23-134 55,66 < 25 3,31
1,4-Dichlorobenzene 20-124 69,77 < 25 8,38
1,2,4-Trichlorobenzene 44-142 99,110 < 25 12,16
4-Chloro-3- 22-147 71,94 <25 4,18
Methylphenol
Acenaphthene 47-145 84,94 <25 2,39
4-Nitrophenol D-132 46,52 < 25 16,61
2,4-Dinitrotoluene 39-139 92,104 < 25 15,47
Pentachloropheno) 14-176 57,63 < 25 26,49
Pyrene 52-115 74,81 < 25 17,28
- ——— - - - _ ___ - —___ . . ____ ___ ]
D = detected.

(a) NA = not available.

(b) NE = not established.
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E-2.7 Dioxins/Furans

Accuracy, precision, and completeness results for dioxin/furan analysis are presented
in Table E-11. Accuracy was determined by evaluating recovery of 13C,-labelled internal
standards spiked into the samples prior to extraction and by evaluating recovery of native
dioxins/furans spiked into a matrix spike sample. In all cases except one sample for
1,2,3,4,7,8-HxCDD, recoveries of internal standards and matrix spike compounds met the
accuracy objective of 40 to 120 percent. Precision was determined by caiculating the relative
standard deviation of internal standard recoveries obtained for samples. As shown, the
precision obtained met the target objective of <25 percent in all cases.

The detection limit for dioxins/furans in gas samples was calculated using the
following equation:

um _of Noise Hej t Native Isomer R ion Tim

bL = Sum of Peak Heights for Labeled Internal Standard *
uanti In 1 St I . 2.3
Native Response Factor Gas Sample Volume

For example, actual detection limits were calculated for 2,3,7,8-tetrachlorodibenzo-p-dioxin
in N-5a-MM5-726 as follows:

Filter DL = 2 +2) X 2000 pg x 2.5

= 1.5 pelds
(2305 - 2808) © 1.068  2.438081 dscm perascm

_ 5+5) 2000 pg 2.5
DL =
X4D (1660 = 2061) © 1.068 ~ 2.438081 dsom

= 5.15 pgldsem

The detection limit for the total sample was then calculated as the average of the filter +

XAD detection limits as follows:

N-5a-MM5-726 total detection limit = L. dscm + 5.19 pp/dscm = 3 33 pg/dscm
2
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TABLE E-11. ACCURACY, PRECISION, AND COMPLETENESS FOR DIOXIN/FURAN ANALYSES

Accuracy Precision
Analyte How Measured Target (%) Actual (%) How Target Actual Completeness
Compounds Measured (%) (%) (%)
(RSD) (RSD)
Spike Recovery NA 100
2378-TCDD 40-120 97.1-101.2 NA NA
12378-PeCDD 40-120 99.5-105.2 NA NA
123478-HxCDD 40-120 97.8- NA NA
123.3®
123678-HxCDD 40-120 92.297% NA NA
123789-HxCDD 40-120 9%.6-114.8 NA NA
1234678-HpCDD 40-120 96.1-111.3 NA NA
ocbD 40-120 98.8-105.3 NA NA
2378-TCDF 40-120 92.0-96.0 NA NA
12378-PeCDF 40-120 90.9-102.8 NA NA
23478-PeCDF 40-120 90.3-98.4 Na NA
123478-HxCDF 40-120 97.7-99.4 NA NA
123678-HxCDF 40-120 90.5-95.6 NA NA
123789-HxCDF 40-120 91.593.6 NA NA
234678-HxCDF 40-120 98.4-98.7 NA NA
1234678-HpCDF 40-120 84.5-88.5 NA NA
1234789-HpCDF 40-120 100.3- NA NA
106.3
QCDF 40-120 90.5-105.5 NA NA
2378-TCDD-13C12 40-120 66-94 RSD of <25 8.7
12378-PeCDD-13C12 40-120 55-107 Standard <25 130
123478-HxCDD-13C12 40-120 75-107 <25 9.2
123678-HxCDD-13C12 40-120 T1-95 <25 6.5
1234678-HpCDD-13C12 40-120 6]-88 <25 118
OCDD-13CI12 40-120 52-82 <25 12.6
2378-TCDF-13C12 40-120 58-84 <25 99
12378-PeCDF-13C12 40-120 48-89 <25 173
23478-PeCDF-13C12 40-120 51-93 <25 15.6
123478-HxCDF-13C12 40-120 65-88 <25 66
123678-HxCDF-13C12 40-120 68-93 <25 7.0
123789-HxCDF-13C12 40-120 70-92 <25 6.0
234678-HxCDF-13C12 40-120 70-92 <25 19
1234678-HpCDF-13C12 40-120 67-93 <25 9.1
1234789-HpCDF-13C12 40-120 59-83 <25 1.6

2378-TCDD-37CL4 40-120 81-97 <25 4.8

NA = Not available.

{a) Outside target range.
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E-2.8 Aldeh

Accuracy, precision, and completeness results for analysis of aldehydes in gas and
liquid samples are presented in Table E-12. Accuracy was determined by recovery of
analytes spiked into water. As shown, except for a 179 percent recovery of formaldehyde
spiked into water at or near the method detection limit, all recoveries met the target objective
of 50 to 150 percent. The precision was determined by the relative standard deviation of
standard analyses and also met the target objectives. Completeness of 100 percent was
obtained for both gas and liquid samples.

Method detection limits for aldehydes in gas samples were calculated using the

following equation:

DL(ugidscm) = A, x Coa(ng/mL) x Veag (ML) MW e
Asp Viamplealdscm) — MWpeg
where:
DL = Detection Limit
A, = Minimum detectable peak area of carbonyl
Ay = Peak area of carbonyl derivative in standard solution
Cud = Concentration of carbonyl derivative in standard solution
Veag = Average final volume of DNPH-acetonitrile solution
Viampled = Average volume of air sampled
MW, ... = Molecular weight of neat carbonyl compound

MWger = Molecular weight of carbonyl derivative.

For Niles, actual detection limits were calculated as follows:

4300 x 2 pg/mL x 317 mL X 30.03
334263 0.05853 dscm 210

= 2 ugldscm
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TABLE E-12. ACCURACY, PRECISION, AND COMPLETENESS FOR ALDEHYDE ANALYSES

o R ——s K T e — 3
Accuracy Precision
Analyte/Spike How Measured  Target  Actual How Target Actual Completeness
Compounds (%)® (%)W Measured (%)¥ (%)@ (%)
GAS/LIQUID Spike Recovery RSD of 100
Standard
Analysis
Formaldehyde 50-150  114-122® + 15 0.45
Acetaldehyde 50-150 85-100 + 15 0.57
Acrolein 50-150 NA + 15 0.32
Propionaldehyde 50-150 81-95 + 15 0.59
LIQUID Spike Recovery RSD of 100
Standard
Analysis
Formaldehyde 50-150  114-122® + 15 0.45
Acetaldehyde 50-150 85-100 + 15 057
Acrolein 50-150 Na + 1§ 0.32
Propionaldehyde +

(a) Except where indicated, range represents range of results for multiple samples, two numbers separated by a comma
represents results for two samples, and single number represents results for single sample or determination.

(b) Excludes 179 percent recovery for spike at detection limit of method.

() NA = Not analyzed.
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E-2.9 i {]

Accuracy, precision, and completeness results for radionuclide analysis are presented
in Table E-13. Accuracy was determined by evaluating the recovery of cesium-137 spiked
into sample matrix. Precision was determined by evaluating results of duplicate sample
analyses. The precision achieved met the target objective of +3 standard deviations; relative
peréent differences (RPD) are provided in Table E-13 for comparability with other analytical
data. A completeness of 100 percent was obtained for all radionuclides analyses.

The method detection limit for radionuclides was calculated using the following

equation:
MDC = 4.65 VBKG + 2.71
(2.22) (EFF)(AVOL)(CTIME)(Ab)(D)

where:

MDC = Minimal detectable concentration

BKG = Background counts

EFF = Counting efficiency

AVOL = Aliquot volume (g or L)

CTIME = (Count time (min)

Ab = Abundance of emission

D = Decay correction

2.22 = Conversion from dpm to pCi

4.65, 2.71 = Constants.

This equation is derived from the following reference:
"Lower Limit of Detection: Definition and Elaboration of a Proposed Position for

Radiological Effluent and Environmental Measurements”, L. A. Currie,
NUREG/CR-4007, U.S. Nuclear Regulatory Commission, September 1984.

E-27



TABLE E-13. ACCURACY, PRECISION, AND COMPLETENESS FOR RADIONUCLIDE ANALYSIS

— e M SRR N ]
Accuracy Precision
Analyte/Surrogate How Measured  Target  Actual How Target Actual (%)
Compounds (%) (%) Measured (%) Completeness
Spike Recovery RPD of 100

Dupficate
Analysis®

Cs-137 NA 100-109

(a) Precision not provided for radionuclides not detected in both sample and duplicate.

(b} All duplicate results agreed to with +3 standard deviations target objective; RPD provided
for comparability with other analytical data,

NA = Not available.
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ho tion Limi

Approximate emission detection limits obtained for gas samples in which analytes were not
detected are listed in Table E-14.
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TABLE E-14. EMISSION DETECTION LIMITS

Actual Emission Detection Limit Target Emission Detection Limit
(ug/dscm)® (ug/dscm)

Element
Mo NC 1.5
B NC 1.2
Sb 0.7 0.3
As NC 0.06
Ba NC 0.3
Be NC 0.3
Cd 0.2 0.3
Cr NC 1.2
Pb NC 0.06
Mn NC 0.3
Hg 0.02 0.03
Ni NC 1.2
Se NC 0.12
v NC 0.6
Cu NC 0.6
Co 0.3 0.9
Ammonia 1 750
Cyanide NC 191
Anions
F NC 3
cr NC 3
PO," 30 30
50,° NC 1.5
PAH/SVOC 0.4-20 0.1-10 ng/dscm®™
Dioxins/Furans
TCDD/TCDF 0.003 (.03 ng/dscm
PeCDD/PeCDF 0.005 0.053 ng/dscm
HxCDD/HxCDF 0.00s 0.053 ng/dscm
HpCDD/HpCDF 0.005 0.053 ng/dscm
OCDD/OCDF NC 0.08 ng/dscm
Aldehydes 2 2
VOC - Canister 4 6
VOC - VOST 6 1.3-7.5

(a) Approximate emission detection limit obtained in sample analyses. Values for PAH/SVOC and dioxins/furans are

in ng/dscm.

(b) Calculated target emission detection limit will range from 0.1 to 10 ng/dscm depending upon SVOC compound

and matnix.

NC = Not calculated since anslyte concentration above method detection limits in samples.
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APPENDIX F

ANALYTICAL PROTOCOL



Elements in flue gas, solid, and liquid samples were analyzed by various methods
(ICP, GFAA, CVAA) according to the procedures described in the QAPP. Specific

deviations from those procedures were as follows:

0y

)

©))

4)

Samples sent to CTE for analysis instead of Battelle. In order to meet the
reporting deadline, it was necessary to send process solid, process liquid,
PSDS filter, and gas samples (excluding impinger samples for mercury
analysis) to Commercial Testing and Engineering Company (CTE) in Denver,
Colorado for analysis. CTE foliowed the Quality Assurance Plan for element
determinations with the following exceptions:

. The analyses of solid samples by CTE for mercury were accomplished
by a double gold film amalgamation CVAA technique. No spike
samples were performed due to the use of a solid sample matrix,
However, recoveries for solid reference materials were within the limits
established for this program.

. Silicon, aluminum, titanium, potassium, and sodium in solid samples
(boiler feed coal, bottom ash, air heater ash, and ESP ash) were
determined by X-ray fluorescence spectroscopy, in accordance with
ASTM D4326, instead of ICP.

The H,0, reagent blank was lost during sample preparation. A water reagent
blank was not collected. Train blanks are not corrected for these reagent
blanks. Sample results, by the process of subtracting train blank results, are
corrected for contributions from these reagents.

Filter reagent blanks analyzed for elements had unexplained outlying results in
several cases. Duplicate Paliflex 102 mm filter reagent bianks were analyzed.
Results for one of these reagent blanks were as expected with element
concentrations equivalent to or significantly below sample results. The
second Pallflex 102 mm filter reagent blank had extremely high concentrations
of aluminum, potassium, and sodium which were considered outliers and not
considered in blank corrections. Likewise in the analysis of triplicate Pallflex
86 mm filter reagent blanks, outlying results were obtained for aluminum and
sodium in one blank and for potassium in a second blank. Again, these
outlying results were not included in reagent blank corrections.

The probe rinses from the high volume samples (N-5A-HVS-731-1, -2) were
both labelled as -1 in submitting these samples to the subcontractor laboratory
for element analysis. The analytical results for the two rinse samples provided
no information to distinguish which sample was associated with soot blowing

F-1



and which with normal operations. The assignment of the samples as -1 or -2
was therefore arbitrary in determining the total element concentration (filter
plus rinse) for N-SA-HVS-731-1 and -2.

(5) Problems with Si and B determinations of Method 29 samples by CTE. Boric
acid was used to complex excess hydrofluoric acid after microwave digestion
by CTE. Hydrofluoric acid may also react with glassware or the glass mixing
chamber of the ICP analyzer, and may interfere with silicon results. Thus
CTE has not reported Si and B results for some samples,

(6)  The Method 29 filter was analyzed separately from the combined acetone/acid
probe rinses for ICP and GFAA elements. This deviation was required to
allow evaluation of the particle size distribution of elements in gas emissions.

F-2, Ammgnia/ ni

Samples were analyzed for ammonia and cyanide according to the procedures stated
in the QAPP.

- nalvtical Pr i for Ani

rv_ of M i lysi n

Anions of interest are separated and measured using a Dionex DX300 ion
chromatography system comprised of a guard column, separator column, MicroMembrane
suppressor, and conductivity detector. The separator column selectively separates ions based
upon their affinity for an ion-exchange resin. The suppressor converts the eluted ions to
acids which are then measured by a conductivity meter. Identification of the ions is made by
their retention time on the column. Quantification is done by comparing peak height or area

responses to those of calibration standards.

Devijations from Method 26A

(1)  The analysis of EPA Performance Evaluation Samples (WP029) was used
instead of EPA "Audit Samples" designated in Section 7.7.1 of Method 26A.
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@)

Deviati

(1)

)]

2

3

There is no effect on results because of this deviation from Method 26A. The
acceptable range for either must be analytically achieved to assure method
accuracy. The target values are documented by the EPA and the analysis
results are recorded in the project laboratory record book.

Calibration standards were prepared in deionized water instead of 0.1 N
H,S0, as stated in Section 5.2 of Method 26A.

As the majority of the analyses required dilution in deionized water to conform
to the analytical range of the detector, deionized water was the appropriate
solvent for the calibration standards. There should be no adverse effect on
results from this ahteration.

The instrument calibration is verified approximately each hour of operation
with the analysis of an Instrument Calibration Verifier (ICV) which has a
tolerance of 20 percent from the known value. Section 9.4 of Method 300.0
states that the tolerance should be 10 percent. Although 10 percent is
achievable precision (see RPDs of duplicates), ICV’s require 20 percent
because they are analyzed around the clock where temperature changes
contribute to a small amount of instrumental drift above 10 percent.

The Custody During Lab Analysis (5.1.3.3) section states that quality control
samples will be documented in a bound lab record book and assigned an LRB
number, The jon chromatography lab uses a sample log for all incoming
samples from which a unique 4-digit number is assigned. Copies of logged
samples will be entered into a bound LRB. The chain-of-custody-form copies
will serve as a record of the personnel involved and the times involved in
sample-handling transactions.

Data Quality Objectives (Table 5-4) should state that a standard reference
materia] (EPA WP029) will be used as an accuracy determiner when the
matrix spike is not applicable, i.e., the spiked sample is unmeasurable because
of column and/or detector overload or because of matrix dilution necessary for
linear range detection.

The target values for the WP029 samples were achieved with each calibrated

sample run except one. The result of WP29 chloride for Niles, Run #3,
Solids, was 176 ppm. The acceptable range is 143-171 ppm. The oversight
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was discovered too late to be corrected. Considering the fact that all of the
other QC analyses for this sample run and specifically those surrounding this
analysis were within control limits, the run was not invalidated.

-4, Analytical Pr A

F-4.1 _VOST Samples

Analysis of VOST sorbent traps for VOC was conducted as described in the QAPP,
according to the provisions of SW-846 Method 5041, using thermal desorption GC/MS.
Each sampled pair of VOST traps was placed in a heated desorption unit and purged with
organic-free nitrogen or helium. The purge gas flow transferred VOC desorbed from the
VOST traps to a cold trap for focussing. Heating of the cold trap released collected VOC in
a small volume onto the inlet of the GC column. The VOC were then determined by
temperature programmed chromatography with detection by low resolution mass
spectrometry. Internal standards were used to quantify the VOC. The one deviation from

plan was that hexane was not determined in VOST samples.
F-4.2 Canister |

Canister samples were analyzed with a gas chromatograph equipped with a mass
spectrometric detector. Upon receipt, the initial pressure of each can was recorded and the
can was filled with zero air to facilitate sample extraction. The initial and final pressures
were used to determine the dilution correction factor. Since acidic gases have been shown to
strip the analytical column of bonded liquid phase within a short time period sampled air
from the canister was first directed through a sodium bicarbonate trap to reduce the content
of acidic gases. The use of alkaline water was originally specified in the Analytical
Management Plan but was shown prior to the field study to partly remove several of the
target compounds when challenged with the 41 component calibration mixture. The effluent
from the sodium bicarbonate trap was then directed to an adsorbent trap (Carbopak B/
Carbosieve S-III) to preconcentrate the target VOC species. A six port valve and thermal

desorption step were used to inject the adsorbed material onto the anaiytical column. The
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column was temperature programmed from -50 to 200°C to resolve the VOC. Selective ion
monitoring was used to quantify the target species. However, sufficient acidic gases were
still present in the injected sample that prohibited the operation of the mass spectrometer
until 11 minutes into the run.. As a result, the first six species on the 41 component target
list were not analyzed. A method detection level of 0.5 ppb was achieved with a sample

volume of 60 cc.
-4 iquid V m

Volatile organic compounds (VOC) in liquid samples were analyzed by Zande
Environmental Laboratories using purge and trap gas chromatography/mass spectrometry.
EPA SW846 Method 8240 was followed for the analysis of these samples, All samples were
initially analyzed within 14 days of receipt at the laboratory.

Calibration curves were generated and the appropriate Calibration Check Compounds
(CCC) and System Performance Compounds (SPCC) were within the limits stated in Method
8240. The system was initially tuned with 4-bromofluorobenzene prior to analysis of the
initia} calibration curve. An attempt to tune the system every 12 hours of operation was
made, but the 12 hour window was exceeded by 10 minutes in one instance and 20 minutes
in another. A couple of tunes also failed to meet the abundance ratio criteria found in
Method 8240. Continuing calibration standards were analyzed every twelve hours and in all
instances but two met the continuing calibration criteria required by Method 8240. There

were no target analytes present in any of the samples.

The MM5 samples were prepared according to the Niles Analytical Plan. The MM35
filter and probe rinse filter were spiked with known amounts of d,,-chrysene and d,-
benzo(k)fluoranthene before Soxhlet extraction. If dioxin/furan analysis was required for the

sample, known amounts of !*C,,-labelled dioxin/furan internal standards were also spiked
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onto the sample. The filters were then extracted with dichloromethane (DCM) for 18 hours.
Note that in the Niles QAPP the extraction time is indicated as 16 hours, but the actual
extraction time for all the samples was 18 hours. The DCM extract was combined with the
filtrate from the probe rinse and concentrated by Kuderna-Danish (K-D) evaporation. If
dioxin/furan analysis was required, the combined extract was split into two equal portions:
one portion for SVOC analysis and one portion for dioxin/furan analysis. Cyclone samples
collected at Locations 4a and 5a were spiked with perdeuterated PAH and extracted with
DCM for 18 hours. The DCM extracts were concentrated to 1 mL by K-D evaporation for
silica gel column chromatography.

The XAD-2 samples were spiked with perdeuterated PAH and/or 3C-labelled
dioxin/furan and extracted with DCM. The condensate was adjusted to pH 7 and extracted
with DCM according to the QAPP. The XAD-2 extract was combined with the module rinse
and condensate, and concentrated to 1 mL for silica gel column chromatography.

Aliquots of the solid process samples were spiked with perdeuterated PAH and
extracted with DCM for 18 hours. The DCM extracts were concentrated to 1 mL for silica
gel column chromatography.

The DCM extract was solvent exchanged into hexane (C¢) and applied to a silica gel
column. The column was packed with 5 percent water deactivated silica gel with Cq. Three
elution solvents, C¢, Co/DCM (50/50), and methanol were applied to the column. The
Cs/DCM fractions were concentrated to 1 mL with K-D evaporation and further concentrated
to 100 L with nitrogen evaporation for GC/MS analysis. Some of the C,/DCM fractions of
XAD-2 extracts were diluted to 1 mL or more to minimize sample matrix effects for GC/MS
analysis. The methanol fractions were concentrated to 1 mL, evaporated almost to dryness,
and solvent exchanged into 1 mL of DCM, however these fractions were not analyzed. The
only target analyte expected in this fraction is quinoline for which data are not provided.

A Finnigan TSQ-45 GC/MS/MS operated in GC/MS mode equipped with an INCOS
2300 data system was employed. Helium was the GC carrier gas and a 70 ev electron beam
was used. The MS was operated in the selected ion monitoring mode. Ion peaks monitored
by MS are the molecular ions and characteristic fragment ions of target analytes.

Identification of the target analytes was based on the correct molecular ion, correct fragment



ions, and the correct retention time relative to the internal standard. Quantification of each
target analyte followed the method described in the Niles QAPP.

E- iquid SV mpl

Semivolatile organic compounds (SVOC) in liquid samples were extracted and
analyzed by Battelle using liquid/liquid extraction, and analysis by gas chromatography/mass
spectrometry. EPA SW846 Method 3560 and 8270 was followed for the analysis of these
samples. All samples were initially extracted within 7 days of receipt at the laboratory and
the extracts analyzed within 40 days.

One liter aliquots of each sample were fortified with the appropriate surrogate
compounds to monitor extraction efficiency, serially extracted three times with methylene
chloride, concentrated to 1 mL, fortified with internal standards and analyzed on an HP 5970
MSD. Every sample with the exception of blanks and spiked blanks formed emulsions
during the base/neutral extraction. Due to the formation of emulsions, during the
base/neutral extraction, each 60 mL aliquot of extract was collected in a centrifuge bottle,
centrifuged, the organic removed and the remainder added back to the separatory funnel
prior to the next addition of solvent. Once the samples were acidified, emulsions did not
form and the samples were processed without centrifugation. No problems were encountered
in the concentration step.

Calibration curves were generated and the appropriate Calibration Check Compounds
(CCC) and System Performance Compounds (SPCC) were within the limits stated in Method
8270.

The system was initially tuned with decafluorotriphenylphosphine prior to analysis of
the initial calibration curve. The system was also tuned every twelve hours of operation and
met the required ion abundances. Continuing calibration standards were analyzed every
twelve hours and in all instances met the continuing calibration criteria required by Method
8270 for CCCs and SPCCs. Method 8270 allows for 30 percent RSD on CCCs and this
criteria was used. The QAPP incorrectly stated 25 percent RSD.



Samples of the vapor phase and particulates from the MM3 sampling train were
extracted for dioxin/furan analysis with the same procedures used for PAH/SVOC gas and
solid samples. The front half of the MMS5 train, including the probe rinse and particulate
filter, were prepared and analyzed for dioxins/furans in the solid phase and the back half of
the MMS train, including XAD-2 resin, module rinse and condensate, were prepared and
analyzed for dioxins/furans in the vapor phase as outlined in the QAPP.

The solid phase sample was prepared by filtering the probe rinse, combining the
probe rinse filter and the particulate filter in a Soxhlet extractor, spiking with 13C,-labeled
dioxin/furan standards and extracting with methylene chloride. The extract was combined
with the probe rinse filtrate and the combined solution was split into two equal portions, one
of which was further processed for dioxin/furan analysis. The vapor phase sample was
prepared by Soxhlet extracting with methylene chloride the XAD-2 resin spiked with !>C,,-
labeled dioxin/furan standards. The XAD-2 extract was combined with the module rinse and
condensate extracts. The combined solution was split into two equal portions, one of which
was further processed for dioxin/furan analysis.

Both the solid and vapor phase samples were processed through dioxin/furan cleanup
procedures which included spiking the extracts with 2,3,7,8-TCDD->"Cl, cleanup standard,
washing with acidic and basic solutions, and processing through acid/base silica, alumina,
and carbon cleanup columns. The clean extracts were concentrated and spiked with 1,2,3,4-
TCDD-'3C,; and 1,2,3,7,8,9-HxCDD-!3C,, recovery standards. Samples were then analyzed
for dioxins/furans by gas chromatography/ high resolution mass spectrometry.

The sample preparation procedures outlined above and described in the QAPP differ
somewhat from the preparation procedure detailed in EPA Method 23. A major difference is
that the sampling trains were prepared to obtain two sample fractions, one representative of
the solid phase and one representative of the vapor phase. Other differences include:

¢ The Soxhlet equipment was pre-extracted and samples extracted with methylene

chloride rather than toluene. Methylene chloride was the preferred extraction
solvent for obtaining volatile PAH analytes. As stated in the QAPP, both

dioxin/furan and PAH data were obtained by extracting one sample and splitting
the extract into two portions, one for dioxin/furan specific cleanup and one for
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PAH specific cleanup. To insure recovery of the volatile PAHs while not
affecting the efficiency of extracting dioxins/furans, methylene chloride was
used as the extraction solvent.

Samples were Soxhlet extracted for 18 hours rather than 16 as specified in
Method 23 and the QAPP. The additional extraction time should not have
impacted the analytical results.

The calibration and spiking solutions used were at concentrations recommended
by EPA Method 1613. Method 1613 solution concentrations vary slightly from
Method 23 and also include additional '*C,,-labeled internal standards. The
additional labeled internal standards provide better accuracy in identifying and
quantifying analytes.

Extract cleanup involved two additional steps which are recommended cleanup
procedures in EPA Method 1613. First, the addition of 2,3,7,8-TCDD-%Cl, as
a recovery standard to each extract prior to any cleanup was used to evaluate the
recovery of analytes through the cleanup procedures. Second, the addition of
acid/base washing the extract prior to column cleanups. The acid/base wash is a
routine step in both EPA Methods 8290 and 1613.

Cleanup columns included acid/base silica, alumina, and AX21/celite as required
in Method 23; however, amounts of column packing material and elution
solvents were similar to those listed in EPA Method 1613 and varied slightly
from Method 23 in some instances.

The GC oven temperature program for separating analytes on a DB-5 column
follows Method 1613, which varies somewhat from Method 23, but provides
adequate separation of all analytes of interest.

No second column confirmation of 2,3,7,8-TCDF on a DB-225 column was
performed. The DB-§ column does not separate 2,3,7,8-TCDF from other
TCDF isomers. As a result, values reported for 2,3,7,8-TCDF could include
contributions from coeluting, non-2,3,7,8 isomers.

No surrogate standards listed in Method 23 were added to the sampling trains
before collecting field samples; therefore, the sampling train collection
efficiency was not determined.

Routine continuing calibration response factors for 2,3,4,7,8-PeCDF-'3C,, and
1,2,3,4,6,7,8-HpCDF-'3C, were slightly outside the 3 30 percent limit from
the initial calibration at the end of the analysis day on 10/11/93 and 10/12/93,
respectively. Because of the very low level of analytes found in the samples,
and because only two response factors out of a total of 33 native and recovery
response factors were out of limits, the initial cajibration was not repeated.
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F-7. Analyti ol for Aldeh

Gas samples (DNPH impinger solutions) and liquid process samples were analyzed
for formaldehyde, acetaldehyde, acrolein, and propionaldehyde using high performance liquid
chromatography with ultraviolet detection (HPLC/UV). Prior to the collection of the gas
aldehydes, the DNPH reagent for the impinger samples was prepared by mixing 0.06 g of
purified DNPH crystals per 250 mL of acetonitrile. Fifty (50) uL of sulfuric acid was also
added to each 250 mL of DNPH reagent. |

After the gas samples had been collected and prior to analysis, the volume of DNPH
impinger solution collected from each impinger was measured with a graduated cylinder.
Next, a 4-mL aliquot from each sample was transferred to a 4-mL HPLC sample vial with a
septa-seal top. The HPLC vials were used as the permanent storage vessel for the impinger
samples. These HPLC vials were refrigerated before and after analysis.

For liquid samples (both process liquid samples and condensed water samples from
the gas sampling trains), all samples were reacted with DNPH just prior to analysis. An
aliquot of 2 mL of each liquid sample and 2 mL of DNPH reagent were mixed in a 4-mL
HPLC sample vial with septa-seal top. The HPLC vials were used as the permanent storage
vessel for the liquid samples. The liquid-DNPH solutions were allowed to react for at least 3
hours prior to analysis. This reaction time is necessary to assure that all of the aldehyde
species present in the liquid will be converted to carbonyl-DNPH derivatives. After the
waiting period, the samples were analyzed. For the liquid samples, standards were prepared
by adding the neat aldehydes to HPLC water at concentrations above and below those found
in the actual samples. The standard water samples were reacted with the DNPH in the same
manner as the actual samples.

For the process liquid samples, additional sample preparation steps had to be
implemented because of the potential for suspended solids in the samples. Prior to reaction
with the DNPH solution, the process liquid samples were filtered through a 0.22 um filter.

After the liquid samples were reacted with the DNPH, a white precipitate settled out
in a few of the samples. To protect the HPLC system, the liquid above the precipitate was
decanted off and placed into a new HPLC vial. It was this liquid that was analyzed on the

samples in which precipitation occurred.
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All of the samples were analyzed with a Waters HPLC system. An acetonitrile/H,0O
mixture (65/35) serves as the mobile phase. Column flow is 0.8 mL/min. Typically, the

injection volume used for aldehyde samples was 30 uL.

F-8, Analytical Radionucli

Radiological analysis of both the gas (filter) samples and the solid samples was
performed by the International Technology (IT) Corporation’s Oak Ridge, Tennessee
laboratory using a gamma scan method. The samples were prepared for gamma
spectrometry using that laboratory’s standard operating procedure OR-7003, Revision 0.
Then the radioactivity counts were obtained using IT-Oak Ridge standard operating procedure
OR-7212, Revision 0.

During the analysis procedures the following reports were prepared:

¢Y) Gamma Spectroscopic Analysis Parameters
(2) Summary of Positively Identified Nuclides
(3) Summary of Unidentified Nuclides

(4) Peak Search Report (Gross)

(5) Peak Search Report (Net)

(6) Summary of Nuclide Activity

Q)] Nuclide Line Activity Report

(8) Full Combined Activity - MDA Report
)] Unidentified Energy Lines Report

(10)  Total Uranium Analysis Parameters and Summary

(11 Full Combined Uranium Activity - MDA Report

For each sample the analysis results were summarized by reporting the activity in

pico Curies per gram for the following isotopes as was called for in the QAPP:

Pb-210 Pb-211
Pb-212 Th-229
Ra-226 Th-230
Ra-228 U-234
Th-234 U-235
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APPENDIX G



UNCERTAINTY ANALYSIS

An error analysis was conducted to provide an estimate of the uncertainty of the
reported values for average emission factors. Emission factors on three days are reported in
Section 6.2, along with the arithmetic average, E. This Appendix describes the calculations
done to estimate the total uncertainties in emission factors, shown as TU in the tables in
Section 6.2. Daily emission factors were calculated by:

. %"_") (G-1)

where
E, = daily emission factor, 1b/10'? Bt
g = daily flue gas flow rate, Ncm/hr
s = daily solid phase concentration of substance in flue gas, ug/Ncm
v = daily vapor phase concentration of substance in flue gas, ug/Ncm
HHV = daily higher heating value of feed coal, Btu/lb
cf = coal feed rate, klb/hr

A goal of this project was to determine a representative value for E, the average
emission factor for a substance from the power plant. The reported value of E is an average
from only three days of sampling. Daily variation in operation of the power plant
contributes to uncertainty in the estimation of the long term average emission rates of

substances.
ificati f r

Two types of errors must be considered (ANSI/ASME PTC 19.1-1985,
"Measurement Uncertainty”, available from the American Society of Mechanical Engineers):
random errors (or precision errors) and bias.

Three factors contribute to precision errors or variability in the reported daily
emission factors. First, plant operating conditions change from day to day. Second,
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variability in collecting samples leads to errors in determining the five parameters in equation
G-1 that are used to calculate the estimate of E;. Third, variability in analyzing the collected
samples for s, v, and HHV leads to errors in estimating E;.

Bias in determining E; can result from systematic errors in determining any of the
five parameters in equation G-1. Bias errors are assumed to be constant throughout the
measurement process. They can be significant, known and accounted for in calibrations;
insignificant, known, and ignored in the uncertainty analysis; or estimated and included in
the uncertainty analysis. The bias, when included in an uncertainty analysis, is estimated as

a upper limit of the bias error.

G-2. Procedures for Estimating Uncertai

The error analysis for this project was designed to provide uncertainty intervals
around the reported average emission factors of the form

Emission factor (Ibf10" Bmu) = E + (U* + B)? ©G-2)

where

arithmetic average of the daily emission factors E,

an approximate 95% confidence bound accounting for random errors

W ot
I

= possible bias due to systematic errors.
Precision Errors

The 95% confidence bounds were calculated by

U =

i)
/3

where

t = 4.303, the upper 97.5 percentile of Student’s t distribution with two
degrees of freedom

S = standard deviation of the three daily emission factors.
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Thus,
U = 2.48*S.

The resulting confidence level is approximately 95 percent. This assumes that the
distribution of daily emission factors for each substance approximates a normal distribution.

Battelle evaluated whether or not to use propagation of error methods, such as those
described in the ANSI/ASME document cited above, to determine the statistical uncertainty
of the average emission factors. Propagation methods are often used to establish the
uncertainty of a function of several measured input parameters. Battelle believes that the
approach described above is preferred over propagation of error methods because the
objective of this error analysis is to estimate the uncertainty of the average of independent
determinations of daily emission factors. Computing the standard deviation of the E,
accounts for the three sources of variability cited above: day-to-day variations in plant
operations, sampling error, and measurement error. The propagation of errors method is an
approximate solution that will produce similar results, provided that the correlations among
the input parameters are taken into account. For example, one would expect a high degree
of correlation between the measured solid and vapor phase concentrations on each day and
between the daily coal feed rates and flue gas flow rates.

Bias

The potential bias on E due to systematic errors in any of the five measured
parameters in equation G-1 was calculated by

B = (TBH™ 63

where B, = dE;/dp;*8; is the resulting bias in E; caused by a systematic error of §; in
measuring parameter p; (j=1-5 for g, s, v, HHV, and cf). These errors could not be
specifically identified or confirmed; thus no correction was applied to the measured

parameters. Battelle’s estimates of the values of B, are described below.

Flue gas {low rate. Determination of the flue gas flow rate, g, was assigned an
upper limit of twelve percent for bias error. The bias for the gas flow measurement was
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estimated by comparing measured gas flow rates to flow rates calculated from the coal feed
rate and the oxygen content at the various sampling points. The average difference between
the "measured” and calculated flue gas flow rates was 14 percent. This value was assigned

to the parameter 8,.

Solid phase concentrations. Solid phase concentrations, s, were calculated by
dividing the quantity of a substance determined in the laboratory analysis of a sampie by the
flue gas volume associated with that sample. The amount of sample collected from the flue
gas stream approximates the actual concentration. Potential bias in the quantity of collected
material is summarized in Table G-1.

Sources of analytical bias (Quality Assurance for Chemical Measurements; Taylor,
John Keenan; Lewis Publishers, Inc., Chelsea, Michigan, 1987) are listed in Table G-2 along
with the estimate of the magnitude of the bias associated with each source. The estimates
shown in Table G-2 were derived as follows:

Inefficiency Losses - Results for organic analyses are corrected for extraction

recoveries. A bias of 2 percent is estimated for inorganic analyses based on matrix
spike and SRM recovery results.

Calibration - For most organic and inorganic analytes, routine calibration results
were required to be within +25 percent of initial calibration. Battelle’s estimate of
the bias in calibration is 5 percent.

Interference Resolution - The estimate of bias is zero because interferences are
typically corrected for in organic and inorganic analyses or data are flagged as being
affected by interference.

Contamination Gains - Data are corrected for contamination gains derived from field
sampling, sample handling, and sample shipping by subtracting train blank results
from sample data; therefore, the bias estimate is zero.

Instrumental Shifts - Instrumental shifts are considered to be corrected for by
calibration bias; therefore the estimate is zero.

Matrix Effects - Matrix effects are evaluated by use of matrix spike samples. The

estimate is zero because no consistent bias was detected in analysis of either
inorganic or organic matrix spike samples.
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Theoretical - Battelle’s extensive experience with the inorganic and organic analyses
conducted on this program has not detected any consistent bias based on theoretical
effects; therefore the estimate is zero,

Operator Bias - Many of the analyses were conducted by different operators and no
consistent bias was detected; therefore the estimate is zero.

Tolerance Adjustments - Based on Battelle’s laboratory analysis experience,
consistent bias with tolerance adjustments is nonexistent; therefore the estimate is
2ero.

Uncorrected Blank - Most sample results are corrected for laboratory method blanks
and reagent blanks (where applicable) or blank results are negligible. Therefore the
estimated bias from uncorrected blanks is zero.

Based upon these estimates, a bias egror of five percent for organic solid phase
determinations was estimated. Seven percent was estimated for inorganic solid phase
determinations.

Considering both sampling and analysis together, the estimates of B, for solid
substances were computed as the square root of the sum of the squares of the individual bias
estimates (see Table G-4).

Yapor phase concentrations. Vapor phase concentrations, v, were calculated by
dividing the quantity of a substance determined in the laboratory analysis of a sample by the

flue gas volume associated with that sample. The amount of sample coliected from the flue
gas stream approximates the actual concentration. Potential bias in the quantity of collected
material is summarized in Table G-3.

Sources of analytical bias and associated bias estimates for vapor phase samples are
the same are those listed in Table G-2 for solid phase samples except for the bias associated
with the inefficiency losses for inorganic analyses. This bias is estimated to be 1 percent
rather than 2 percent because the difficulty with preparing liquid phase samples for inorganic
analysis is typically less than that for solid phase samples.

Combining the errors for sampling and anatysis, Battelle estimated the 8, for vapor
substances as shown in Table G-5.
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Higher heating value of coal. The bias for the coal heating value determination
was estimated at 2 percent. This estimate is based on the fact that the coal heating value is
determined by a well-proven ASTM procedure by laboratories doing many samples daily.
Additionally, utilities keep careful watch over their boiler efficiency and heat rate values. As
the heating value is a major input to boiler efficiency and heat rate calculations, a bias as
large as 2 percent would be obvious. Hence, a 2 percent bias estimate was assigned to the

heating value determinations.

Coal feed rate. The bias for the coal feed rate measurement for the Niles Station
Boiler No. 2 was estimated at 2 percent. This estimate was based on the fact that utilities, in
general, keep careful watch over their fuel consumption and boiler efficiency. (The cost of
fuel is typically 40 to 50 percent of the cost of generating electricity and, thus, is of major
importance.) A bias as large as 2 percent in the fuel feed rate would be very obvious to the
plant operators and action would be taken to correct any problem. Review of operations at
Niles Station led to assignment of a value of 2 percent for ;.

Summary. The estimated upper limits for bias terms Bj are listed in Table G-6.
Because of the uncertainty in estimating values for the §; themselves, a decision was made to
combine the values for 8, and 8, into one term. Therefore the values of §,,, were assigned
as follows: elements - 7 percent, anions - 7 percent, radionuclides - 9 percent, particulate
matter - 8 percent, SVOC - 7 percent, dioxins/furans - 7 percent, ammonia/cyanide - 6
percent, VOC - 8 percent, and aldehydes - 6 percent. Together with calculations of
precision error, these terms were used to calculate the uncertainty intervals shown in tables

of emission factors in Section 6.2.
G-3. Example Calculation
The following example calculation applies to calculating the uncertainty in the

average emission factor for mercury.

Daily emission factors were calculated using Equation G-1:
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- 2205 = 318960 « 274 _ 154 pioi2pg,
12,269 = 91.5

E

_ 2205 » 305,580 » 21.2 _ 12.5
12,108 * 942 )

S

2205 + 307,200 * 232 _ 1.,
11,892 + 96.7 '

E, =

The parameters used to calculate E;, for July 27, 1993, are found as follows:

Parameter Value Where Found
g 318,960 Ncm/hr Table 2-2 as 5,316 Ncm/min
s+v 27.4 pg/Nem Table 5-4
HHV 12,269 Btu/1b Table 5-58
cf 91.5 kib/hr Table 2-4

The average value E was calculated as

5. (71 +125+137)

3 = 14.4 [b/102 By

The standard deviation, S, of the daily emission factors was calculated as

1 N =
S= |——ro E, - Ey?

= J%[(l?.l - 144 + (12.5 - 144 + (13.7 - 14.47] = 2.39 1H/10" B

The parameter U was calculated as



U=248 = S = 248 = 2.39 = 593 [b/10" B

The bias parameter B was calculated using Equation G-3. The B, components were
calculated as follows:

dE . .
B.. = (=2, s and j=3, v were
O dsw) * combined)

dE

B ==
4 dHHVp‘
dE
Bs= d‘fﬁs

where E, g, (s+v), HHV, and cf are each the average value.

Now,
dE _ 2205 + +v) .4
dg  HHV s« of '
dE 2205 + g .

= N = 3

dow HEV o’ ' A

dE _ -2205 » g * (s+v) j=4
dHHV HHV? « of

dE _ -2205 s g = (s+V)
def HHV « ¢

J=5
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From Table G-6, the 3j are:
B, = 14% of g

Bas = 7% of (s+v) {see text on page G-7)

B, = 2% of HHV

By =2% of ¢f

The term B; was calculated as follows:

dE _ 2205 » 239
dg  12,089.67 » 94.13

= 4.63 x 10° (/10" Btu)/(Ncm/hr)

where (s+v) = average of daily values (Table 5-4)

(27.4 + 21.2 + 23.2)/3 = 23.9 ug/Ncm
HHV = average of coal heating values
= (12,269 + 12,108 + 11,892)/3 = 12,089.67 Btw/lb

cf = average of coal feed rate (Table 2-4)

|

(01.5 + 94.2 + 96.7)/3 = 94.13 Ib/hr

therefore, .
B, = 463 x 107 » 0.14 * 310,580 = 2.02 [b/10" B

where g = average of daily values (Table 2-2)
= (5,316 + 5,093 + 5,120) * 60/3 = 310,580 Ncm/hr

Using the values above, the other components of bias were calculated in a similar

manner, i.e.,

2.205 x 310,580

— + 0.07 = 239 = 1.01 /10" B
12,089.67 + 94.13




B, = ~2205 » 310,380 » 239 | 0y . 12,089.67 = -0.288 I5/10" Buu

(12,089.67)* + 94.13

and _ -2.205 + 310,580 + 239

12,089.67 * (94.13)

= 0.02 = 94.13 = -0.288 [b/10** B

Then,

B = (2.02% + 1.012 + (-0.288)® + (-0.288)") 2

B = 229 Ib/10" B

Finally, the total uncertainty was calculated as

U = (593 + 2299 = 6.36 1b/10" B
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TABLE G-1.
SOLID SUBSTANCES

BIAS ESTIMATES FOR FLUE GAS SAMPLING OF

Estimated
Bias

(percent)

Analyte Class

Source of Bias; Documentation

Elements

Anjons

SVoC
Dioxins/Furans
Radionuclides
Particulate Matter

Elements

Anions

SVOC
Dioxins/Furans
Radionuclides
Particulate Matter

Elements

SVoC
Dioxins/Furans
Particulate Matter

Anions
Radionuclides

Departure from isokinetic sampling; value
is based on sampling data that show
maximum departure of about 5 percent
from isokinetic conditions. The bias for
collection of solid phase material was
assumed to be equal in magnitude to the
departure from isokinetic conditions.

Flow measurement error; required by
Method regulations and maintained so by
gas meter calibrations. Also consistent
with RTI audits of Battelle's gas meters.

Loss of particulate matter in probe; value
of zero results from recovery of
particulate matter in probe wash.

Loss of particulate matter in probe; value
is an estimate based on use of short probe,
with no probe rinse. Consistent with
losses of particles observed in long probe
and flexible fine.




TABLE G-2. BIAS ESTIMATES FOR LABORATORY ANALYSIS

Source of Bias® Organic® 2 Inorganic®
Inefficiency Losses 0 2 (solid)
1 (vapor)
Calibration 5 5
Interference Resolution 0 0
Contamination Gains 0 0
Instrumental Shifts 0 0
Matrix Effects 0 0
Theoretical 0 0
Operator Bias 0 0
Tolerance Adjustments 0 0
Uncorrected Blank 0 0
(a) Quality Assurance for Chemical Measyrements; Taylor, John Keenan;

Lewis Publishers, Inc., Chelsea, Michigan, 1987.

(b) Organic analytes include SVOC, dioxins/furans, VOC, and aldehydes.

(¢) Inorganic analytes include elements, anions, ammonia/cyanide, and

radionuclides.

G-12



TABLE G-3. BIAS ESTIMATES FOR FLUE GAS SAMPLING OF
VAPOR SUBSTANCES

Bias
Analyte Class (percent) Source of Bias; Documentation
Elements 2 Flow measurement error; required by
Ammonia/Cyanide Method regulations and maintained so by
Anions gas meter calibrations. Also consistent
voC with RTI audits of Battelle’s gas meters.
SvVoC
Dioxins/Furans
Aldehydes
Elements 2 Completeness of collection in impinger
Ammonia/Cyanide solutions; based on experience with
Anions similar systems, including DNPH for
Aldehydes aldehydes.
vOC 5 Completeness of collection on solid
SVOC sorbents; based on experience with similar
Dioxins/Furans systems, including XAD for PAH/SVOC,
Elements 0 Loss in probe; value of zero results from
SVOC recovery of probe wash.
Dioxins/Furans
Ammonia/Cyanide 2 Loss in probe; value is maximum likely
Anions value given elevated temperature of
vOC probe, but no probe wash.
Aldehydes
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TABLE G-4. CALCULATION OF BIAS ERROR TERMS (B,) FOR
SOLID PHASE SAMPLES

Sampling Bias® Analytical Bias® B,®
Substance Errors (percent) Errors (percent) (percent)

Inorganic

Elements 5,2 5,2 8

Anions 52,5 5,2 9

Radionuclides 5,2,5 5,2 9

Particulate Matter 5,2 5,2 8
Organic

SVOC 5,2 5 7

Dioxins/Furans 5,2 5 7

(a) See text for origin of individual estimates.

(b) Computed as the square root of the sum of the squared error
estimates for sampling and analysis.

TABLE G-5. CALCULATION OF BIAS ERROR TERMS (8,;) FOR
VAPOR PHASE SAMPLES

Sampling Bias®  Analytical Bias® B8,
Substance (percent) (percent) (percent)

Inorganic

Elements 2,2 1,5 6

Anions 2,2,2 1,5 6

Ammonia/Cyanide 2,2,2 1,5 6
Organic

Svoc 2,5 5 7

Dioxins/Furans 2,5 5 7

vOC 2,5,2 5 8

Aldehydes 2,2,2 5 6

(a) See text for origin of individual estimates.

(b) Computed as the square root of the sum of the squared error
estimates for sampling and analysis.
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TABLE G-6. ESTIMATED VALUES FOR BIAS TERMS IN THE
UNCERTAINTY ANALYSIS

Upper Limit Bias Term

Parameter Substance 8. (percent)

4 14

s Elements 8
Anions 9

Radionuclides 9

Particulate Matter 8

SvoC 7

Dioxins/Furans 7

v Elements 6
Anions 6

Ammonia/Cyanide 6

SvOoC 7

Dioxins/Furans 7

vOC 8

Aldehydes 6

HHV 2
cf 2
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